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(57) ABSTRACT 

An optical pickup apparatus according to the present inven 
tion includes: a first light Source for emitting a first light flux: 
a second light source for emitting a second light flux: a third 
light source for emitting a third light flux; and an objective 
optical element. The objective optical element has an optical 
surface including at least two areas provided with optical path 
difference providing structures. The objective optical element 
converges the first to third light fluxes each passing through 
the predetermined areas on the objective optical element onto 
respective information recording surfaces of the first to third 
optical disks. The optical pickup apparatus provides a wave 
length dependency of a spherical aberration so as to correct a 
change in a spherical aberration due to a refractive index 
change with a temperature change of the objective optical 
element. 

27 Claims, 14 Drawing Sheets 
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1. 

OPTICAL PICKUP APPARATUS, OBJECTIVE 
OPTICAL ELEMENT AND OPTICAL 

INFORMATION RECORDING 
REPRODUCINGAPPARATUS 

This application is based on Japanese Patent Application 
Nos. 2006-060968 filed on Mar. 7, 2006, 2006-070701 filed 
on Mar. 15, 2006, 2006-123471 filed on Apr. 27, 2006, 2006 
166148 filed on Jun. 15, 2006, in Japanese Patent Office, the 
entire content of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical pickup appara 
tus, objective optical element and optical information record 
ing reproducing apparatus by which information can be 
recorded and/or reproduced information compatibly for dif 
ferent kinds of optical disks. 

In recent years, tendency of a shorter wavelength of laser 
beam as a light source which has been used to record and/or 
reproduce information for optical disks, has become a main 
stream. For example, a laser light source having 400-420 nm 
wavelength, Such as a blue-violet semiconductor laser, and a 
blue-SHG laser which converts wavelength of an infrared 
semiconductor laser utilizing a second harmonic wave, have 
been made practical. Information of 23-27 GB can be 
recorded on the optical disk having a diameter of 12 cm by 
using these blue-violet optical sources and an objective lens 
having NA (Numerical aperture) which is the same as a DVD 
(Digital Versatile Disc). When NA is increased to 0.85, infor 
mation of 23-25 GB can be recorded onto the optical disk 
having a diameter of 12 cm. In this specification, the optical 
disk and an optical-magnetic disk using a blue-violet laser 
light source are called "a high density optical disk”. 

Hereupon, the high density optical disk using the objective 
optical element, has larger coma caused due to the skew of the 
optical disk. Therefore some high density optical disks using 
the objective optical element with NA of 0.85, are designed so 
that the protective layer has thinner thickness (which is 0.1 
mm, while that of DVD is 0.6 mm) than that of DVD to reduce 
the comma due to the skew. On the other hand, it is sometimes 
considered that a product, such as an optical disk player/ 
recorder, which is capable of only recording/reproducing 
information for the above high-density optical disk is worth 
less. Taking account of a fact that, at present, DVDs and CDs 
(Compact Disc), onto which various kinds of information 
have been recorded, are on the market, the value of the prod 
uct as a high-density optical disk player/recorder is increased 
by, for example, enabling to appropriately record/reproduce 
information additionally for DVDs and CDs, which a user 
possesses. From these backgrounds, the optical pickup appa 
ratus installed in the high-density optical disk player/recorder 
is required to be capable of appropriately recording/reproduc 
ing information not only for a high-density optical disk but 
also a DVD and a CD. 

It can be considered, as a method by which the information 
can be adequately recorded/reproduced while the compatibil 
ity is maintained also to anyone of the high density optical 
disk and DVD and further to CD, a method to selectively 
Switch the optical system for the high density optical disk and 
the optical system for DVD and CD corresponding to the 
recording density of the optical disk to which the information 
is recorded/reproduced. However, it requires a plurality of 
optical systems, which is disadvantageous for the size-reduc 
tion and which increases the cost. 

Accordingly, in order to simplify the structure of the opti 
cal pickup apparatus and to intend the reduction of cost, it is 
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2 
preferable to make an optical system for the high density 
optical disk an optical system for DVD and CD into a com 
monoptical system, and to reduce the number of optical parts 
contributing the optical pickup apparatus as much as possible, 
even when the optical pickup apparatus has compatibility. 
Then, providing the common objective optical element which 
is arranged with facing an optical disk, is most advantageous 
for the simplification of the construction or cost reduction of 
the optical pickup apparatus. Here, in order to obtain the 
common objective optical element for plural kinds of optical 
disks which use different wavelengths for recording/repro 
ducing information, it is requires that the objective optical 
system is provided with an optical path difference providing 
structure having a wavelength dependency for the spherical 
aberration, which is formed thereon. 

European patent application EP-A 1304689 discloses an 
objective optical system which has the diffractive structure as 
an optical path difference providing structure and can be 
commonly used for the high density optical disk and the 
conventional DVD and CD, and also discloses an optical 
pickup apparatus in which this objective optical system is 
mounted. 

However, the objective optical element for use in the opti 
cal pickup apparatus which compatibly conducts recording 
and/or reproducing information for three different optical 
disks, which is written in EP-A 1304689, has a probability 
that the light amount used for recording and/or reproducing 
information is insufficient, depending on the design specifi 
cation of the optical pickup apparatus, or has a problem that 
the unnecessary light affects a sensor for tracking operation 
when the tracking operation for CD is conducted, and the 
accurate tracking operation is hardly conducted, which is a 
problem. Particularly, when using an infinite optical system 
for all three different kinds of optical disks, in other words, a 
collimated light flux enters into an objective optical element, 
the above problems become remarkable. 

SUMMARY OF THE INVENTION 

The present invention is provided, with considering the 
above problems, to achieve at least one of the following 
objects. The present invention provides an optical pickup 
apparatus, an objective optical element, and an optical infor 
mation recording reproducing apparatus which can properly 
conducts recording and/or reproducing information for three 
kinds of optical disks having different recording densities 
such as a high density optical disk, DVD and CD, even when 
using as the objective optical element, and which is capable of 
simplifying the structure and reducing the cost. In addition, 
the present invention provides an optical pickup apparatus, an 
objective optical element, and an optical information record 
ing reproducing apparatus which can maintain accuracy of 
the tracking operation for all three different optical disks, 
even when using an infinite optical system. The present inven 
tion provides an optical pickup apparatus, an objective optical 
element, and an optical information recording reproducing 
apparatus which can provide excellent temperature charac 
teristics and can properly conducts recording and/or repro 
ducing information for the three kinds of disks, even when 
using a plastic lens for the objective optical element. The 
present invention provides an optical pickup apparatus, an 
objective optical element, and an optical information record 
ing reproducing apparatus which provides desired optical 
characteristics and which can be easily manufactured without 
using minute structures. 

According to various embodiments, the present teachings 
can provide an optical pickup apparatus for recording and/or 
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reproducing information for an optical disk, an objective 
optical element for use in the optical pickup apparatus and an 
optical information recording reproducing apparatus 
employing the optical pickup apparatus. The optical pickup 
apparatus comprises: a first light source for emitting a first 
light flux having a first wavelength W1; a second light Source 
for emitting a second light flux having a second wavelength 
2 (22-21); a third light source for emitting a third light flux 

having a third wavelength 3 (0.3> 2); and an objective opti 
cal element. The objective optical element can be provided 
for converging the first light flux onto an information record 
ing Surface of a first optical disk having a protective substrate 
with a thickness t1, for converging the second light flux onto 
an information recording Surface of a second optical disk 
having a protective Substrate with a thickness t2 (t1st2), and 
for converging the third light flux onto an information record 
ing Surface of a third optical disk having a protective substrate 
with a thickness t3 (t2<t3). The optical pickup apparatus can 
record and/or reproduce information by converging the first 
light flux onto the information recording surface of the first 
optical disk, by converging the second light flux onto the 
information recording Surface of the second optical disk, and 
by converging the third light flux onto the information record 
ing surface of the third optical disk. The objective optical 
element comprises an optical Surface including at least two 
areas which are a central area and a peripheral area Surround 
ing the central area. The central area comprises a first optical 
path difference providing structure. The peripheral area com 
prises a second optical path difference providing structure. 
The objective optical element can converge the first light flux 
which passes through the central area of the objective optical 
element onto the information recording surface of the first 
optical disk so that the optical pickup apparatus can record 
and/or reproduce information on the information recording 
surface of the first optical disk. The objective optical element 
can converge the second light flux which passes through the 
central area of the objective optical element onto the infor 
mation recording Surface of the second optical disk so that the 
optical pickup apparatus can record and/or reproduce infor 
mation on the information recording Surface of the second 
optical disk. The objective optical element can converge the 
third light flux which passes through the central area of the 
objective optical element onto the information recording Sur 
face of the third optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the infor 
mation recording surface of the third optical disk. The 
objective optical element can converge the first light flux 
which passes through the peripheral area of the objective 
optical element onto the information recording Surface of the 
first optical disk so that the optical pickup apparatus can 
record and/or reproduce information on the information 
recording surface of the first optical disk. The objective opti 
cal element can the second light flux which passes through the 
peripheral area of the objective optical element onto the infor 
mation recording Surface of the second optical disk so that the 
optical pickup apparatus can record and/or reproduce infor 
mation on the information recording Surface of the second 
optical disk. The optical pickup apparatus can satisfy follow 
ing expressions: 

+0.00045 (WFEurms/( C.-mm))>öSAT1/fe--0.0027 
(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm:mm)), 

where ÖSAT1 represents ÖSA3/8T of the objective optical 
element for a using light wavelength which does not change 
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4 
with a temperature change, in case that information is 
recorded and/or reproduced for the first optical disk, in other 
words, ÖSAT1 is a ratio of a change in a third spherical 
aberration of the objective optical element with a temperature 
change for a using light wavelength which does not change 
with a temperature change, in case that information is 
recorded and/or reproduced for the first optical disk, and 
ÖSA represents ÖSA3/6) of the objective optical element for 
a using light wavelength, in case that information is recorded 
and/or reproduced for the first optical disk, in other words, 
ÖSA) is a ratio of a change in a third spherical aberration of 
the objective optical element with a wavelength change for an 
using light wavelength, in case that information is recorded 
and/or reproduced for the first optical disk, and f is a focal 
length of the objective optical element for the first light flux. 
The present teachings can also provide an optical pickup 

apparatus for recording and/or reproducing information for 
an optical disk, comprising: a first light source for emitting a 
first light flux having a first wavelength W1; a second light 
Source for emitting a second light flux having a second wave 
length 2 (02> 1); a third light source for emitting a third 
light flux having a third wavelength 3 (0.3>22); and an 
objective optical element. The objective optical element can 
be provided for converging the first light flux onto an infor 
mation recording Surface of a first optical disk having a pro 
tective Substrate with a thickness t1, for converging the sec 
ond light flux onto an information recording Surface of a 
second optical disk having a protective Substrate with a thick 
ness t2 (t1st2), and for converging the third light flux onto an 
information recording Surface of a third optical disk having a 
protective substrate with a thickness t3 (t2<t3). The optical 
pickup apparatus can record and/or reproduce information by 
converging the first light flux onto the information recording 
Surface of the first optical disk, by converging the second light 
flux onto the information recording Surface of the second 
optical disk, and by converging the third light flux onto the 
information recording surface of the third optical disk. The 
objective optical element can comprise an optical Surface 
comprising at least two areas which are a central area and a 
peripheral area Surrounding the central area. The central area 
can comprise a first optical path difference providing struc 
ture, and the peripheral area can comprise a second optical 
path difference providing structure. The objective optical ele 
ment can converge the first light flux which passes through the 
central area of the objective optical element onto the infor 
mation recording Surface of the first optical disk so that the 
optical pickup apparatus can record and/or reproduce infor 
mation on the information recording Surface of the first opti 
cal disk. The objective optical element can converge the sec 
ond light flux which passes through the central area of the 
objective optical element onto the information recording Sur 
face of the second optical disk so that the optical pickup 
apparatus can record and/or reproduce information on the 
information recording Surface of the second optical disk. The 
objective optical element can converge the third light flux 
which passes through the central area of the objective optical 
element onto the information recording surface of the third 
optical disk so that the optical pickup apparatus can record 
and/or reproduce information on the information recording 
surface of the third optical disk. The objective optical element 
can converge the first light flux which passes through the 
peripheral area of the objective optical element onto the infor 
mation recording Surface of the first optical disk so that the 
optical pickup apparatus can record and/or reproduce infor 
mation on the information recording Surface of the first opti 
cal disk. The objective optical element can converge the sec 
ond light flux which passes through the peripheral area of the 
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objective optical element onto the information recording Sur 
face of the second optical disk so that the optical pickup 
apparatus can record and/or reproduce information on the 
information recording Surface of the second optical disk. The 
optical pickup apparatus can have a wavelength dependency 5 
of a spherical aberration so as to correct a change in a spheri 
cal aberration due to a refractive index change with a tem 
perature change of the objective optical element by a change 
of the first wavelength due to the temperature change. 10 
The present teachings can also provide an optical pickup 

apparatus for recording and/or reproducing information for 
an optical disk, comprising: a first light source for emitting a 
first light flux having a first wavelength 1 (350 nms, 1s440 
nm); and an objective optical element. The objective optical is 
element can be provided for converging the first light flux 
onto an information recording Surface of a first optical disk 
having a protective substrate with a thickness t1 (0.0750 
mmst1s0.125 mm). The optical pickup apparatus can 
record and/or reproduce information by converging the first 
light flux onto the information recording surface of the first 
optical disk. The optical pickup apparatus can satisfy the 
following expressions: 

+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 
(WFEurmsf(C. mm)), and 25 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm:mm)), 

where ÖSAT1 represents ÖSA3/öT of the objective optical 30 
element for a using light wavelength which does not change 
with a temperature change, in case that information is 
recorded and/or reproduced for the first optical disk, in other 
words, ÖSAT1 is a ratio of a change in a third spherical 
aberration of the objective optical element with a temperature 35 
change for a using light wavelength which does not change 
with a temperature change, in case that information is 
recorded and/or reproduced for the first optical disk, and 
ÖSA represents ÖSA3/6) of the objective optical element for 
a using light wavelength, in case that information is recorded 40 
and/or reproduced for the first optical disk, in other words, 
ÖSA) is a ratio of a change in a third spherical aberration of 
the objective optical element with a wavelength change for an 
using light wavelength, in case that information is recorded 
and/or reproduced for the first optical disk, and f is a focal 45 
length of the objective optical element for the first light flux. 
The above embodiments allow that one objective optical 

element to properly record and/or reproduce information for 
three different disks (for example, a high density optical disk 
using a blue-violet laser light source, DVD, and CD) with 50 
employing a simple and low-cost configuration. Further, the 
above embodiment allows to provide an optical pickup appa 
ratus, an objective optical element, and an optical information 
recording reproducing apparatus which can maintain accu 
racy of the tracking operation for all three different optical 55 
disks, even when using an infinite optical system. The above 
embodiment further allows to provide an optical pickup appa 
ratus, an objective optical element, and an optical information 
recording reproducing apparatus which properly record and/ 
or reproduce information for three different disks with using 60 
a single objective optical element. The above embodiment 
further allow to provide an optical pickup apparatus, an objec 
tive optical element, and an optical information recording 
reproducing apparatus which provide excellent temperature 
characteristics and properly record and/or reproduce infor- 65 
mation for three different disks with using a single objective 
optical element, even when employing a plastic lens. 

6 
These and other objects, features and advantages according 

to the present invention will become more apparent upon 
reading of the following detailed description along with the 
accompanied drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments will now be described, by way of example 
only, with reference to the accompanying drawings which are 
meant to be exemplary, not limiting, and wherein like ele 
ments numbered alike in several Figures, in which: 

FIG. 1 is a diagram showing an example of objective opti 
cal element OBJ according to the present invention viewed 
from the optical axis direction; 

FIGS. 2(a)-2(d) are sectional views typically showing sev 
eral examples of the optical path difference providing struc 
ture provided in objective optical element OBJ according to 
the present invention; 

FIG. 3 is a view generally showing the structure of an 
optical pickup apparatus according to the present invention; 

FIG. 4 is a sectional view typically showing an example of 
objective optical element OBJaccording to the present inven 
tion; 

FIGS. 5(a) to 5(c) are vertical spherical aberration dia 
grams relating to BD, DVD, and CD of Example 1 according 
to the present invention; 

FIGS. 6(a) to 6(c) are vertical spherical aberration dia 
grams relating to BD, DVD, and CD of Example 2 according 
to the present invention; 

FIGS. 7(a) to 7(c) are vertical spherical aberration dia 
grams relating to BD, DVD, and CD of Example 3 according 
to the present invention: 

FIG. 8 is a sectional view typically showing the optical path 
difference providing structure of the objective optical ele 
ment in Example 4 according to the present invention; 

FIGS. 9(a) to 9(c) are vertical spherical aberration dia 
grams relating to BD, DVD, and CD of Example 4 according 
to the present invention; 

FIG. 10 is a view showing the shape of a spot according to 
the present invention; 

FIGS. 11(a) to 11(c) are vertical spherical aberration dia 
grams relating to BD, DVD, and CD of Example 5 according 
to the present invention; 

FIG. 12 is a view showing the step amount of an example of 
the optical path difference providing structure; 

FIG. 13 is a view showing an example of the pitch width: 
FIGS. 14(a) to 14(d) are views for illustrating the design 

method of the optical path difference providing structure 
according to the present invention; 

FIG. 15 is a perspective view of molded objective optical 
element OBJ; and 

FIG. 16 is a flow chart showing an example of the manu 
facturing method of the optical pickup apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An optical pickup apparatus according to the present 
invention comprises at least three light sources: a first light 
Source, a second light source, and a third light Source. The 
optical pickup apparatus further comprises a light converging 
optical system for converging the first light flux on the infor 
mation recording Surface of the first optical disk, converging 
the second light flux on the information recording Surface of 
the second optical disk, and converging the third light flux on 
the information recording surface of the third optical disk. 
The optical pickup apparatus according to the present inven 
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tion further comprises a light receiving element for receiving 
each of reflection light fluxes from the information recording 
surface of the first optical disk, the second optical disk, or the 
third optical disk. 

The first optical disk comprises a protective substrate with 
a thickness oftl and an information recording Surface. The 
second optical disk comprises a protective Substrate with a 
thickness oft2 (t1st2) and an information recording Surface. 
The third optical disk comprises a protective substrate of a 
thickness oft3 (t2st3) and an information recording surface. 
It is preferable that the first optical disk is a high density 
optical disk, the second optical disk is DVD, and the third 
optical disk is CD, however, optical disks are not limited to 
those. Further, in the case where t1<t2, as compared to the 
case where t1=t2, it is more difficult to record and/or repro 
duce information for three different optical disks by an objec 
tive optical element being a single lens, with providing excel 
lent tracking characteristics at the time of recording and/or 
reproducing information for the third optical disk. However, 
an embodiment according to the present invention can con 
duct that. Hereupon, the first optical disk, the second optical 
disk or the third optical disk may also be an optical disk of the 
plurality of layers having the plurality of the information 
recording Surfaces. 
As an example of the high density optical disk in the 

present specification, there is cited an optical disk (for 
example, BD: Blue-ray Disc) based on the standard that infor 
mation is recorded and/or reproduced by an objective optical 
element with NA 0.85, and that a protective substrate of the 
optical disk is about 0.1 mm. Further, as an example of 
another high density optical disk, there is cited an optical disk 
(for example, HD DVD: it also called HD) based on the 
standard that information is recorded and/or reproduced by an 
objective optical element with NA in the range of 0.65 to 0.67 
and the protective substrate of the optical disk is about 0.6 
mm. Further, the high density optical disk includes an optical 
disk having a protective film (in the present specification, the 
protective Substrate includes also the protective film), having 
a thickness of about several to several ten nm on the informa 
tion recording Surface, or an optical disk whose protective 
substrate thickness is 0 (zero). The high density optical disk 
further includes a photo-magnetic disk for which the blue 
violet semiconductor laser or blue-violet SHGlaser is used as 
the light source for recording/reproducing information. Fur 
ther, DVD in the present specification represents a generic 
name of optical disks based on the standard that information 
is recorded and/or reproduced by an objective optical element 
with NA in the range of 0.60 to 0.67 and that the protective 
substrate of the optical disc is about 0.6 mm, which belong to 
DVD group such as DVD-ROM, DVD-Video, DVD-Audio, 
DVD-RAM, DVD-R, DVD-RW, DVD+R and DVD+RW. In 
the present specification, CD represents a generic name of 
optical disks based on the standard that information is 
recorded and/or reproduced by an objective optical element 
with NA in the range of 0.45 to 0.51 and that the protective 
substrate of the optical disc is about 1.2 mm, which belong to 
CD group such as CD-ROM, CD-Audio, CD-Video, CD-R 
and CD-RW. Among these optical disks, the high density 
optical disk provides the highest recording density. DVD and 
CD provide the second highest recording density, the third 
highest recording density, respectively. 

Thicknesses t1, t2, and t3 of the protective substrates pref 
erably satisfy the following conditional expressions (6), (7). 
and (8). However, it is to be understood that various changes 
and modifications will be apparent to those skilled in the art. 
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8 
O.O750 minist1s0.125 mm or 0.5 mmst1s0.7 mm (6) 

O.5 mmst2s.O.7 mm (7) 

1.0 mmst3s 1.3 mm (8) 

In the present specification, each of the first light source, 
the second light source, and the third light source is preferably 
a laser light source. A semiconductor laser, and a silicon laser 
are preferably used for the laser light source. The first wave 
length 1 of the first light flux emitted from the first light 
source, the second wavelength 2 (02> 1) of the second light 
flux emitted from the second light source, the third wave 
length 3 (0.3> 2) of the third light flux emitted from the third 
light Source, are preferable to satisfy the following condi 
tional expressions (9) and (10). 

When BD or HD is employed as the first optical disk, the 
wavelength 1 of the first light source is preferably 350 nm or 
more, and 440 nm or less. The wavelength v1 is more pref 
erably 380 nm or more, and 415 nm or less. When DVD is 
employed as the second optical disk, the second wavelength 
2 of the second light source is preferably 570 nm or more, 

and 680 nm or less. The second wavelength 2 is more pref 
erably 630 nm or more, and 670 nm or less. When CD is 
employed for the third optical disk, the third wavelength 3 of 
the third light source is preferably 750 nm or more, and 880 
nm or less. The third wavelength 3 is more preferably 760 
nm or more, and 820 nm or less. 

Further, at least two light sources of the first light source, 
the second light source, and the third light source may also be 
unitized. The unitization means fixing and housing, for 
example, the first light Source and the second light source into 
one package. However it is to be understood that various 
changes and modifications will be apparent to those skilled in 
the art. The unitization in a broad sense includes a situation 
that two light sources are fixed so that aberration can not be 
corrected. Further, in addition to the light source, the light 
receiving element which will be described later, may also be 
provided as one package. 
As the light receiving element, the light detector Such as a 

photo diode is preferably used. The light reflected on the 
information recording Surface of the optical disk enters into 
the light receiving element, and signal outputted from the 
light receiving element is used for obtaining the read signal of 
the information recorded in each optical disk. Further, the 
light amount of the spot on the light receiving element caused 
with the change in the spot shape and the change in the spot 
position, to conduct the focus detection and the tracking 
detection focus detection. The objective optical element is 
moved based on these detections for focusing and tracking of 
the objective optical element. The light receiving element 
may be composed of a plurality of light detectors. The light 
receiving element may also have a main light detector and 
secondary light detector. For example, the light receiving 
element is provided with a main light detector which receives 
the main light used for recording and/or reproducing infor 
mation, and two secondary light detectors positioned on both 
sides of the main light detector, so as to receive secondary 
light for tracking adjustment by the two secondary light 
detectors. Further, the light receiving element may also com 
prise a plurality of light receiving elements corresponding to 
each light source. 
The light converging optical system comprises the objec 

tive optical element. The light converging optical system may 
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comprise only an objective optical element, however, the light 
converging optical system may also have a coupling lens Such 
as a collimator lens other than the objective optical element. 
The coupling lens is arranged between the objective optical 
element and the light source and means a single lens or a lens 
group which changes divergent angle of a light flux. The 
collimator lens is a lens to collimate the light flux entered into 
the collimator lens. Further, the light converging optical sys 
tem may also comprise an optical element such as the diffrac 
tive optical element which divides the light flux emitted from 
the light source into a main light flux used for recording 
reproducing information and two secondary light fluxes used 
for the tracking operation. In the present specification, the 
objective optical element means an optical system which is 
arranged to face the optical disk in the optical pickup appa 
ratus, which has the function which converges the light flux 
emitted from the light source onto an information recording 
surface of the optical disk. Preferably, the objective optical 
element is an optical system which is arranged to face the 
optical disk in the optical pickup apparatus, and which has the 
function which converges the light flux emitted from the light 
Source on the information recording Surface of the optical 
disk, and further which is movable as one body in the direc 
tion of at least the optical axis by an actuator. The objective 
optical element may be formed of a plurality of lenses and/or 
optical elements. Alternatively, the objective optical element 
may be a single lens. Preferably, the objective lens is formed 
of a single lens. The objective optical element may also be a 
glass lens, a plastic lens or a hybrid lens in which an optical 
path difference providing structure is formed on the glass lens 
by using thermosetting resin. When the objective optical ele 
ment has a plurality of lenses, a combination of a glass lens 
and a plastic lens can be used for the objective optical ele 
ment. When the objective optical element has a plurality of 
lenses and/or optical elements, a combination of an optical 
element in flat plate shape having an optical path difference 
providing structure; and an aspheric Surface lens which may 
not have a optical path difference providing structure. The 
objective optical element comprises a refractive Surface 
which is an aspheric surface. Further, the objective optical 
element preferably can have a base surface where the optical 
path difference providing structure is provided, which is an 
aspheric Surface. 

Further, when the objective optical element is a glass lens, 
a glass material used for the glass lens preferably has a glass 
transition point Tg of 400° C. or less. By using the glass 
material whose glass transition pointTg is 400° C. or less, the 
material can be molded at a comparatively low temperature. 
Therefore, the life of the metallic mold can be prolonged. As 
an example of the glass material whose glass transition point 
Tg is low, there are K-PG325 and K-PG375 (both are trade 
names) made by SUMITA Optical glass, Inc. 

Hereupon, a glass lens has generally larger specific gravity 
than a resin lens. Therefore, the objective optical element 
made of a glass lens has larger weight and apply a larger 
burden to the actuator which drives the objective optical ele 
ment. Therefore, when a glass lens is employed for the objec 
tive optical lens, a glass material having Small specific gravity 
is preferably used for the objective optical element. Specifi 
cally, the specific gravity is preferably 3.0 or less, and is more 
preferably 2.8 or less. 

Further, when a plastic lens is employed for the objective 
optical element, it is preferable that the resin material of 
cyclic olefins is used for the objective optical element. In the 
cyclic olefins, there is more preferably used the resin material 
having: refractive index at the temperature 25°C. for wave 
length 405 nm, which is within the range of 1.54 to 1.60; and 
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10 
ratio of refractive index change dN/dT (°C.) with the tem 
perature change within the temperature range of -5°C. to 70° 
C. for the wavelength 405 nm, which is within the range of 
–20x10 to -5x10 (more preferably, -10x10 to -8x10 
s). Further, when a plastic lens is employed for the objective 
optical element, it is preferable that a plastic lens is also 
employed for the coupling lens. 

Alternatively, as the resin material appropriate to the objec 
tive optical element of the present invention, there is “ather 
mal resin' also other than the cyclic olefins. “Athermal resin' 
is a resin material in which microparticles each having a 
diameter of 30 nm or less are dispersed into a resin which is a 
base material. The material of the microparticles has ratio of 
change in the refractive index with the temperature change, 
and the ratio of change in the refractive index of the micro 
particles has the opposite sign to that of the material of the 
resin which is the base material. Generally, when micropar 
ticles are mixed in the transparent resin material, light is 
scattered and the transmission factor is lowered. So, it is 
difficult to use as the optical material. However, it becomes 
clear that the microparticles whose size is smaller than the 
wavelength of the transmitting light flux prevent the scatter 
ing effectively. 

Hereupon, the refractive index of the resin material is low 
ered when the temperature rises, while the refractive index of 
the inorganic microparticles is increased when the tempera 
ture rises. Accordingly, it is also well known to prevent the 
refractive index from changing by combining above nature of 
the microparticles and the base material so as to cancel them 
out each other. When the objective optical element according 
to the present invention employs the material Such that the 
inorganic particles whose size is 30 nanometer or less, which 
is preferably 20 nanometer or less, more preferably 10-15 
nanometer, are dispersed in the resin as base material, there 
can be provided the objective optical unit having no or very 
low temperature dependency of the refractive index. 

For example, microparticles of niobium oxide (NbOs) are 
dispersed in acryl resin. The volume ratio of the resin material 
that represents the basic material is about 80% and that of 
niobium oxide is about 20%, and these are mixed uniformly. 
Though microparticles have a problem that they tend to con 
dense, the necessary state of dispersion can be kept by a 
technology to disperse particles by giving electric charges to 
the surface of each particle. 

It is preferable that microparticles are mixed and dispersed 
into the resin as a base material during injection molding of 
optical elements by the in-line manner. In other words, it is 
preferable that, after the microparticles are mixed and dis 
persed in to the base material, the mixture is neither cooled 
nor solidified until the mixture is molded into an objective 
optical unit. 

Incidentally, in order to control the ratio of change in the 
refractive index with the temperature, the volume ratio of 
microparticles to the base material may increase or decrease, 
and microparticles in which a plural kinds of nanometer-sized 
microparticles are blended may also be dispersed into the 
base material. 

Though the volume ratio of the microparticles and the base 
material is made to be 80:20, namely to be 4:1, in the example 
stated above, it is possible to adjust properly within a range 
from 90:10 (9:1) to 60:40 (3:2). It is preferable that a volume 
of the microparticles is provided to be exceed the ratio of 9:1, 
because the temperature-affected change is effectively 
reduced. While, it is also preferable that a volume of the 
microparticles is provided to be less than the ratio of 3:2. 
because moldability of the a thermal resin becomes easy. 
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It is preferable that the microparticles are inorganic Sub 
stances, and more preferable that the microparticles are 
oxides. Further, it is preferable that the state of oxidation is 
saturated, and the oxides are not oxidized any more. 

It is preferable that the microparticles are inorganic Sub 
stances because reaction between the inorganic Substances 
and resin as a base material representing high molecular 
organic compound is restrained to be low, and deterioration 
caused by actual use Such as irradiation of laser beam can be 
prevented because the microparticles are oxides. In particu 
lar, under the severe conditions such as high temperature and 
irradiation of a laser beam, oxidation of resin tends to be 
accelerated. However, aforesaid microparticles of inorganic 
oxide are prevented from deterioration caused by oxidation. 

Further, it is naturally possible to add antioxidants in resin 
material in order to prevent the resin from oxidation caused 
by other factors. 

Materials described in JP-A 2004-144951, JP-A 2004 
144953, JP-A 2004-144954 are suitable for a preferable 
material to be base material. 

Inorganic microparticles to be dispersed in thermoplastic 
resin are not limited in particular, and Suitable microparticles 
can be arbitrarily selected from inorganic microparticles 
which reduce the ratio (hereinafter, Idn/dTI) of change in 
refractive index with the temperature. To be concrete, oxide 
microparticles, metal salt microparticles and semiconductor 
microparticles are preferably used, and it is preferable to use 
by selecting properly those in which absorption, light emis 
sion and fluorescence are not generated in the wavelength 
range employed for an optical element, from the aforesaid 
microparticles. 
The following metal oxide is used for oxide microparticles 

used in the structure according to the present invention: a 
metal oxide constructed by one or more kinds of metal 
selected by a group including Li, Na, Mg,Al, Si, K, Ca, Sc., Ti, 
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Y, Nb, Zr, Mo, Ag, Cd, 
In, Sn, Sb, Cs, Ba, La, Ta, Hf, W, Ir, T1, Pb, Bi and rare earth 
metal. More specifically, for example, oxide Such as silicon 
oxide, titanium oxide, Zinc oxide, aluminum oxide, Zirco 
nium oxide, hafnium oxide, niobium oxide, tantalum oxide, 
magnesium oxide, calcium oxide, strontium oxide, barium 
oxide, indium oxide, tin oxide, lead oxide; complex oxide 
compounds these oxides such as lithium niobate, potassium 
niobate and lithium tantalate, the aluminum magnesium 
oxide (MgAl-O.) are cited. Furthermore, rare earth oxides 
are used for the oxide microparticles in the structure accord 
ing to the present invention. More specifically, for example, 
Scandium oxide, yttrium oxide, lanthanum trioxide, cerium 
oxide, praseodymium oxide, neodymium oxide, Samarium 
oxide, europium oxide, gadolinium oxide, terbium oxide, 
dysprosium oxide, holmium oxide, erbium oxide, thulium 
oxide, ytterbium oxide, lutetium oxide are cited. As metal salt 
microparticles, the carbonate, phosphate, Sulfate, etc. are 
cited. More specifically, for example, calcium carbonate, alu 
minum phosphate are cited. 

Moreover, semiconductor microparticles in the structure 
according to the present invention mean the microparticles 
constructed by a semiconducting crystal. The semiconduct 
ing crystal composition examples include simple substances 
of the 14th group elements in the periodic table such as 
carbon, silica, germanium and tin; simple Substances of the 
15th group elements in the periodic table Such as phosphor 
(black phosphor); simple Substances of the 16th group ele 
ments in the periodic table such as selenium and tellurium; 
compounds comprising a plural number of the 14th group 
elements in the periodic table such as silicon carbide (SiC); 
compounds of an element of the 14th group in the periodic 
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12 
table and an element of the 16th group in the periodic table 
such as tin oxide (IV) (SnO), tin sulfide (II, IV) (Sn(II)Sn 
(IV)S), tin sulfide (IV) (SnS), tin sulfide (II) (SnS), tin 
selenide (II) (SnSe), tin telluride (II) (SnTe), lead sulfide (II) 
(PbS), lead selenide(II) (PbSe) and lead telluride(II) (PbTe): 
compounds of an element of the 13th group in the periodic 
table and an element of the 15th group in the periodic table (or 
III-V group compound semiconductors) Such as boron nitride 
(BN), boron phosphide (BP), boron arsenide (BAs), alumi 
num nitride (AIN), aluminum phosphide (AlP), aluminum 
arsenide (AlAS), aluminum antimonide (AlSb), gallium 
nitride (GaN), gallium phosphide (GaP), gallium arsenide 
(GaAs), gallium antimonide (GaSb), indium nitride (InN), 
indium phophide (InP), indium arsenide (InAs) and indium 
antimonide (InSb); compounds of an element of the 13th 
group in the periodic table and an element of the 16th group 
in the periodic table Such as aluminum sulfide (Al2S), alu 
minum selenide (Al-Sea), gallium sulfide (GaS), gallium 
Selenide (GaSes), gallium telluride (GaTes), indium oxide 
(In O), indium Sulfide (InS), indium selenide (InSes) and 
indium telluride (InTes); compounds of an element of the 
13th group in the periodic table and an element of the 16th 
group in the periodic table such as thallium chloride (I) 
(TICI), thallium bromide (I) (TIBr), thallium iodide (I) (TII): 
compounds of an element of the 12th group in the periodic 
table and an element of the 16th group in the periodic table (or 
II-VI group compound semiconductors) such as Zinc oxide 
(ZnO), Zinc sulfide (ZnS), Zinc selenide (ZnSe), zinc telluride 
(ZnTe), cadmium oxide (CdC), cadmium sulfide (CdS), cad 
mium selenide (CdSe), cadmium telluride (CdTe), mercury 
sulfide (HgS), mercury selenide (HgSe) and mercury tellu 
ride (HgTe); compounds of an element of the 15th group in 
the periodic table and an element of the 16th group in the 
periodic table Such as arsenic Sulfide (III) (ASS), arsenic 
selenide (III) (As-Sea), arsenic telluride (III) (As-Te), anti 
mony sulfide (III) (SbS), antimony selenide (III) (SbSe), 
antimony telluride (III) (Sb-Te), bismuth sulfide (III) 
(BiS), bismuth selenide(III) (Bi-Se) and bismuth telluride 
(III) (BiTes); compounds of an element of the 11th group in 
the periodic table and an element of the 16th group in the 
periodic table Such as copper oxide (I) (Cu2O) and copper 
selenide (I) (CuSe); compounds of an element of the 11th 
group in the periodic table and an element of the 17th group 
in the periodic table such as copper chloride (I) (CuCl), cop 
per bromide (I) (CuBr), copper iodide (I) (CuI), silver chlo 
ride (AgCl) and silver bromide (AgBr); compounds of an 
element of the 10th group in the periodic table and an element 
of the 16th group in the periodic table such as nickel oxide(II) 
(NiO); compounds of an element of the 9th group in the 
periodic table and an element of the 16th group in the periodic 
table such as cobalt oxide (II) (CoO) and cobalt sulfide (II) 
(CoS); compounds of an element of the 8th group in the 
periodic table and an element of the 16th group in the periodic 
table such as triiron tetraoxide (FeO) and iron sulfide (II) 
(FeS); compounds of an element of the 7th group in the 
periodic table and an element of the 16th group in the periodic 
table Such as manganese oxide (II) (MnO); compounds of an 
element of the 6th group in the periodic table and an element 
of the 16th group in the periodic table such as molybdenum 
sulfide (IV) (MoS) and tungsten oxide(IV) (WO); com 
pounds of an element of the 5th group in the periodic table and 
an element of the 16th group in the periodic table such as 
vanadium oxide (II) (VO), vanadium oxide (IV) (VO) and 
tantalum oxide (V) (TaOs); compounds of an element of the 
4th group in the periodic table and an element of the 16th 
group in the periodic table Such as titanium oxide (such as 
TiO, TiOs Ti-O and TisCo.); compounds of an element of 
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the 2th group in the periodic table and an element of the 16th 
group in the periodic table Such as magnesium Sulfide (MgS) 
and magnesium selenide (MgSe); chalcogen spinels such as 
cadmium oxide (II) chromium (III) (CdCrO4), cadmium 
selenide (II) chromium (III) (CdCr-Sea), copper sulfide (II) 
chromium (III) (CuCr-S) and mercury selenide (II) chro 
mium (III) (HgCr-Sea); and barium titanate (BaTiO). Fur 
ther, semiconductor clusters structures of which are estab 
lished such as BN(BF), Fs, described in Adv. Mater. Vol. 
4, p. 494 (1991) by G. Schmid, et al.; and CuSe7 (trieth 
ylphosphine) described in Angew. Chem. Int. Ed. Engl. 
vol. 29, p. 1452 (1990) by D. Fenske are also listed as 
examples. 

In general, dn/dT of thermoplastic resin has a negative 
value, namely, a refractive index becomes Smaller as the 
temperature rises. Therefore, it is preferable to disperse 
microparticles having largedn/dT, in order to make Idn/dT of 
thermoplastic resin composition to be efficiently small. It is 
preferable that the absolute value of dn/dT of the micropar 
ticles is Smaller than that of the thermoplastic resin used as a 
base material when using microparticles having dn/dT with 
same sign to the sign of dn/dT of the thermoplastic resin. 
Furthermore, microparticles having positive dn/dT, which is 
microparticles having different sign of dn/dT from that of the 
thermoplastic resin which is a base material, are preferably 
used. By dispersing these kinds of microparticles into the 
thermoplastic resin, Idn/dT of thermoplastic resin composi 
tion can effectively become small with less amount of the 
microparticles. It is possible to properly select dn/dT of 
microparticles to be dispersed corresponding to a value of 
dn/dT of thermoplastic resin to become a base material. How 
ever, it is preferable that dn/dT of microparticles is greater 
than -20x10 and it is more preferable that dn/dT of micro 
particles is greater than -10x10 when microparticles are 
dispersed into a thermoplastic resin which is preferably 
employed to a general optical element. As microparticles 
having large dn/dT. gallium nitride, Zinc sulfate, Zinc oxide, 
lithium niobate and lithium tantalite, for example, are prefer 
ably used. 
On the other hand, when dispersing microparticles in ther 

moplastic resin, it is preferable that a difference of refractive 
index between the thermoplastic resin to become a base mate 
rial and the microparticles is Small. Scattering is hardly 
caused when light is transmitted, if a difference of refractive 
index between the thermoplastic resin and the microparticles 
to be dispersed is Small. In case of dispersing microparticles 
in the thermoplastic resin, microparticles in larger size easily 
cause scattering when light flux transmits the material. How 
ever, in a material in which a difference of refractive index 
between the thermoplastic resin and the microparticles to be 
dispersed is Small, an occurrence of light scattering becomes 
low even when relatively large-sized microparticles are used. 
A difference of refractive index between the thermoplastic 
resin and the microparticles to be dispersed is preferably 
within the range of 0-0.3, and more preferably within the 
range of 0-0.15. 

Refractive indexes of thermoplastic resins preferably used 
as optical materials are in the range about 1.4-1.6 in many 
cases. As materials to be dispersed in these thermoplastic 
resins, silica (silicon oxide), calcium carbonate, aluminum 
phosphate, aluminum oxide, magnesium oxide, and 
aluminum magnesium oxides, for example, are preferably 
used. 

Further, dn/dT of thermoplastic resin composition can be 
made Small effectively, by dispersing microparticles whose 
refractive index is relatively low. As a reason why Idn/dT of 
thermoplastic resin composition including dispersed micro 
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particles with low refractive index becomes small, it is con 
sidered that temperature changes of the volume fraction of 
inorganic microparticles in the resin composition may work 
to make the Idn/dT of the resin composition to become 
smaller when the refractive index of the microparticles is 
lower, although the details are not clarified. As microparticles 
having a relatively low refractive index, silica (silicon oxide), 
calcium carbonate and aluminum phosphate, for example, are 
preferably used. 

It is difficult to simultaneously achieve all of improving an 
effect of lowering dn/dT of the thermoplastic resin composi 
tion, improving of light transmittance and a desired refractive 
index. Therefore, microparticles to be dispersed in the ther 
moplastic resin can be selected properly by considering a 
magnitude of dn/dT of a microparticle itself, a difference of 
dn/dT between microparticles and the thermoplastic resin to 
become a base material, and the refractive index of the micro 
particles, depending on the characteristics which are required 
for the thermoplastic resin composition. Further, it is prefer 
able, for maintaining light transmittance, to properly select 
microparticles which hardly cause light scattering with con 
sidering its affinity with the thermoplastic resin to become a 
base material, in other words, characteristics of the micropar 
ticles in dispersion for the thermoplastic resin. 

For example, when using cyclic olefin polymer preferably 
employed for an optical element as a base material, silica is 
preferably used as microparticles which make Idn/dT small 
while keeping light transmittance. 

For the microparticles mentioned above, it is possible to 
use either one type of inorganic microparticles or plural types 
of inorganic microparticles in combination. By using plural 
types of microparticles each having a different characteristic, 
the required characteristics can further be improved effi 
ciently. 

Inorganic microparticles relating to the present invention 
preferably has an average particle size being 1 nm or larger 
and being 30 nm or smaller and more preferably has an 
average particle size being 1 nm or more and being 10 nm or 
less. When the average particle size is less than 1 nm, disper 
sion of the inorganic microparticles is difficult, resulting in a 
fear that the required efficiency may not be obtained, there 
fore, it is preferable that the average particle size is 1 nm or 
more. When the average particle size exceeds 30 nm, thermo 
plastic material composition obtained becomes muddy and 
transparency is lowered, resulting in a fear that the light 
transmittance may become less than 70%, therefore, it is 
preferable that the average particle size is 30 nm or less. The 
average particle size mentioned here means Volume average 
value of a diameter (particle size in conversion to sphere) in 
conversion from each particle into a sphere having the same 
volume as that of the particle. 

Further, a form of an inorganic microparticle is not limited 
in particular, but a spherical microparticle is used preferably. 
To be concrete, a range of 0.5-1.0 for the ratio of the minimum 
size of the particle (minimum value of the distance between 
opposing two tangents each touching the outer circumference 
of the microparticle)/the maximum size (maximum value of 
the distance between opposing two tangents each touching 
the outer circumference of the microparticle) is preferable, 
and a range of 0.7-1.0 is more preferable. 
A distribution of particle sizes is not limited in particular, 

but a relatively narrow distribution is used suitably, rather 
than a broad distribution, for making the invention to exhibit 
its effect efficiently. 
The objective optical element will be described below. At 

least one optical surface of the objective optical element 
comprises a central area and a peripheral area around the 
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central area. More preferably, at least one optical surface of 
the objective optical element further includes a most periph 
eral area around the peripheral area. By providing the most 
peripheral area, it allows to more appropriately record and/or 
reproduce information for the optical disk using the high NA. 
The central area preferably is an area having the optical axis 
of the objective optical element, however, it may also be the 
area not including the optical axis. It is preferable that the 
central area, peripheral area, and most peripheral area are 
provided on the same optical surface. As shown in FIG.1, it is 
preferable that the central area CN, peripheral area MD, most 
peripheral area OT are provided on the same optical surface 
concentrically around the optical axis. Further, the first opti 
cal path difference providing structure is provided in the 
central area of the objective optical element. The second 
optical path difference providing structure is provided in the 
peripheral area. When the most peripheral area is provided, 
the most peripheral area may be a refractive Surface, or the 
third optical path difference providing structure may be pro 
vided in the most peripheral area. It is preferable that each of 
the central area, peripheral area, most peripheral area adjoins 
to the neighboring area, however, there may be slight gaps 
between adjoining areas. 

The area where the first optical path difference providing 
structure is provided is preferably 70% or more of the area of 
the central area on the objective optical element. It is more 
preferably 90% or more of the area of the central area. The 
first optical path difference providing structure is furthermore 
preferably provided on the entire surface of the central area. 
The area where the second optical path difference providing 
structure is provided is preferably 70% or more of the periph 
eral area on the objective optical element. It is more prefer 
ably 90% or more of the area of the peripheral area. The 
second optical path difference providing structure is further 
more preferably provided on the entire surface of the periph 
eral area. The area where the third optical path difference 
providing structure is provided, is 70% or more of the area of 
the most peripheral area on the objective optical element. It is 
more preferably 90% or more of the area of the most periph 
eral area. The third optical path difference providing structure 
is more preferably provided on the entire surface of the most 
peripheral area. 

Hereupon, the optical path difference providing structure 
used in the present specification, is the general name of the 
structure by which an optical path difference is provided to an 
incident light flux. The optical path difference providing 
structure also includes the phase difference providing struc 
ture by which the phase difference is provided. Further, the 
phase difference providing structure includes a diffractive 
structure. The optical path difference providing structure has 
a step, preferably, has a plurality of steps. This step provides 
an optical path difference and/or phase difference to an inci 
dent light flux. The optical path difference added by the 
optical path difference providing structure may also be an 
integer times of the wavelength of the incident light flux, or 
may also be non-integer times of the wavelength of the inci 
dent light flux. The step may also be arranged with periodic 
interval in the direction perpendicular to the optical axis, or 
may also be arranged with non-periodic interval in the direc 
tion perpendicular to the optical axis. 

It is preferable that the optical path difference providing 
structure has a plurality of ring-shaped Zones arranged con 
centrically around the optical axis. Further, the optical path 
difference providing structure can have various sectional 
shapes (cross sectional shapes in the plane including the 
optical axis). One of the most common optical path difference 
providing structure provides the sectional shape including the 
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optical axis, which is in the serrated shape, as shows in FIG. 
2(a). Even when the cross sectional shape of the optical path 
difference providing structure arranged on the flat plane looks 
a stepped shape, the same optical path difference providing 
structure arranged on an aspheric Surface can be considered as 
the serrated shape shown in FIG. 2(a). Accordingly, in the 
present specification, it is defined that the sectional shape in 
the serrated shape includes the sectional shape in the stepped 
shape. Further, when the serrated shaped optical path differ 
ence providing structures whose step extend to the different 
directions, overlap with each other, there is provided the 
binary structured optical path difference providing structure 
as shown in FIG. 2(b). Each of the first optical path difference 
providing structure and the second optical path difference 
providing structure of the present specification, may have a 
sectional shape which is formed by overlapping different 
optical path difference providing structures having Serrated 
shape, or may have a sectional shape which is formed by 
further overlapping a serrated shaped optical path difference 
providing structure with a binary structured optical path dif 
ference providing structure formed by overlapping Serrated 
optical path difference providing structures. For example, 
FIG. 2(c) shows the structure in which the serrated shaped 
optical path difference providing structure and the binary 
structured optical path difference providing structure overlap 
with each other, and FIG. 2(d) shows the structure in which 
the fine serrated shaped optical path difference providing 
structure and the rough Serrated optical path difference pro 
viding structure overlap with each other. 

Further, the first optical path difference providing structure 
provided in the central area of the objective optical element 
and the second optical path difference providing structure 
provided in the peripheral area of the objective optical ele 
ment may be provided on the different optical surface of the 
objective optical element. However, it is preferable that the 
first and second optical path difference providing structures 
are provided on the same optical Surface. By providing them 
on the same optical Surface, it reduces the decentration error 
at the time of the manufacture, which is preferable. Further, it 
is preferable that the first optical path difference providing 
structure and the second optical path difference providing 
structure are provided on the Surface on the light source side 
of the objective optical element, rather than the surface on the 
optical disk side of the objective optical element. 
The objective optical element converges the first light flux, 

the second light flux, and the third light flux each passing 
through the central area of the objective lens, where the first 
optical path difference providing structure is provided, so as 
to form a light converged spot for each light flux. Preferably, 
the objective optical element converges the first light flux 
passing through the central area of the objective optical ele 
ment where the first optical path difference providing struc 
ture is provided onto the information recording surface of he 
first optical disk, so that information can be recorded and/or 
reproduced for the first optical disk. Preferably, the objective 
optical element converges the second light flux passing the 
central area of the objective optical element where the first 
optical path difference providing structure is provided onto 
the information recording Surface of the second optical disk, 
so that information can be recorded and/or reproduced for the 
second optical disk. Preferably, the objective optical element 
converges the third light flux passing the central area of the 
objective optical element where the first optical path differ 
ence providing structure is provided onto the information 
recording Surface of the third optical disk, so that information 
can be recorded and/or reproduced for the third optical disk. 
Further, when the thickness t1 of the protective substrate of 
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the first optical disk and the thickness t2 of the protective 
substrate of the second optical disk are different, the first 
optical path difference providing structure preferably cor 
rects the spherical aberration caused due to the difference 
between the thickness t1 of the protective substrate of the first 
optical disk and the thickness t2 of the protective substrate of 
the second optical disk and/or the spherical aberration caused 
due to the difference of the wavelength of the first light flux 
and the second light flux, for the first light flux and the second 
light flux passing through the first optical path difference 
providing structure. Furthermore, the first optical path differ 
ence providing structure preferably corrects the spherical 
aberration caused due to the difference between the thickness 
t1 of the protective substrate of the first optical disk and the 
thickness t3 of the protective substrate of the third optical disk 
and/or the spherical aberration caused due to the difference of 
the wavelength of the first lightflux and the third lightflux, for 
the first light flux and the third light flux passing through the 
first optical path difference providing structure. 

Further, the third light flux passing through the first optical 
path difference providing structure of the objective optical 
element, forms a first best focus in which the third light flux 
forms a spot having the Smallest diameter, and a second best 
focus, in which the third light flux forms a spot having the 
second Smallest diameter. Hereupon, the best focus used 
herein means a position where the beam waist is minimized 
within the predetermined defocus range. That is, the case that 
the third light flux forms the first best focus and the second 
best focus means that the beam waist in the third light flux is 
minimized within the predetermined defocus range on at least 
two positions. Hereupon, the first best focus is preferably 
formed by a diffracted light flux with a maximum light 
amount in the third light flux passing through the first optical 
path difference providing structure. The second best focus is 
preferably formed by a diffracted light flux with a second 
maximum light amount in the third light flux passing through 
the first optical path difference providing structure. When the 
difference between the diffraction efficiency of the diffracted 
light flux which forms the first best focus and the diffraction 
efficiency of the diffracted light flux which forms the second 
best focus, is 20% or less, the effect of the present invention 
becomes more conspicuous. 

Hereupon, it is preferable that the spot formed by the third 
light flux in the first best focus is used for recording and/or 
reproducing information for the third optical disk, and that the 
spot formed by the third light flux in the second best focus is 
not used for recording and/or reproducing information for the 
third optical disk. However, it does not denies an embodiment 
that the spot formed by the third light flux in the first best 
focus is not used for recording and/or reproducing informa 
tion for the third optical disk, and that the spot formed by the 
third light flux in the second best focus is used for recording 
and/or reproducing information for the third optical disk. 
Hereupon, when the first optical path difference providing 
structure is provided on the surface on the light source side of 
the objective optical element, the second best focus is pref 
erably nearer to the objective optical element, than the first 
best focus. 

Further, the first best focus and the second best focus sat 
isfy the following expression (1). 

0.05sL/fs.O.35 (1) 

Where, f(mm) indicates the focal length of the objective 
optical element for the third light flux which passes through 
the first optical path difference providing structure and forms 
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the first best focus, and L (mm) indicates the distance between 
the first best focus and the second best focus. 
The first best focus and the second best focus more prefer 

ably satisfy the following expression (1"). 
0.10sL/fs 0.25 (1) 

The first best focus and the second best focus further more 
preferably satisfy the following expression (1"). 

0.11s L/fe0.24 (1") 

Further, it is preferable that L is 0.18 mm or more, and is 
0.63 mm or less. Furthermore, it is preferable that f is 1.8 mm 
or more, and is 3.0 mm or less. 

In case that the above expression (1) is satisfied, it allows to 
prevent the unused light which is a light not used for recording 
and/or reproducing information for the third optical disk, 
from affecting the light receiving element for the tracking 
operation, and enables to maintain the excellent tracking 
characteristics when information is recorded and/or repro 
duced for the third optical disk. 

Further, the objective optical element converges the first 
light flux and the second light flux each passing through the 
peripheral area of the objective optical element, where the 
second optical path difference providing structure is pro 
vided, so as to form a light converged spot for each light flux. 
Preferably, the objective optical element converges the first 
light flux passing through the peripheral area of the objective 
optical element where the second optical path difference pro 
viding structure is provided onto the information recording 
surface of the first optical disk so that information can be 
recorded and/or reproduced for the first optical disk. Prefer 
ably, the objective optical element converges the second light 
flux passing through the peripheral area of the objective opti 
cal element where the second optical path difference provid 
ing structure is provided, onto the information recording Sur 
face of the second optical disk so that information can be 
recorded and/or reproduced for the second optical disk. Fur 
ther, when the thickness t1 of the protective substrate of the 
first optical disk and the thickness t2 of the protective sub 
strate of the second optical disk are different, the second 
optical path difference providing structure preferably cor 
rects the spherical aberration caused due to the difference 
between the thickness t1 of the protective substrate of the first 
optical disk and the thickness t2 of the protective substrate of 
the second optical disk, and/or the spherical aberration caused 
due to the difference of the wavelength of the first light flux 
and the second light flux, for the first flux and the second light 
flux passing through the second optical path difference pro 
viding structure. 

Further, there is provided one preferable embodiment that 
the third light flux passing through the peripheral area is not 
used for recording and/or reproducing information for the 
third optical disk. In the embodiment, it is preferable that the 
third light flux passing through the peripheral area does not 
contribute to forming the light converged spot on the infor 
mation recording surface of the third optical disk. In other 
words, it is preferable that the third light flux passing through 
the peripheral area comprising the second optical path differ 
ence providing structure of the objective optical element, 
forms flare on the information recording surface of the third 
optical disk. FIG. 10 shows the spot formed by the third light 
flux passing through the objective optical element on the 
information recording surface of the third optical disk. The 
spot shown in FIG. 10 comprises, in order from the optical 
axis side (or the central part of the spot) to the outside of the 
spot, the central spot portion SCN whose light density is high, 
the intermediate spot portion SMD whose light density is 
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lower than the central spot portion, and the peripheral spot 
portion SOT whose light density is higher than the interme 
diate spot portion and lower than the central spot portion. The 
central spot portion is used for recording and/or reproducing 
information for an optical disk, and the intermediate spot 
portion and the peripheral spot portion are not used for 
recording and/or reproducing information for a optical disk. 
In the above description, this peripheral spot portion can be 
called flare. That is, the third light flux passing through the 
second optical path difference providing structure provided in 
the peripheral area of the objective optical element, forms the 
peripheral spot portion on the information recording Surface 
of the third optical disk. Hereupon, it is preferable that the 
light converging spot or the spot of the third light flux in the 
above is a spot in the first best focus. Further, it is preferable 
that the second light flux passing through the objective optical 
element, forms a spot on the information recording Surface of 
the second optical disk, which comprises a central spot por 
tion, an intermediate spot portion, and a peripheral spot por 
tion. 

Further, it is preferable that the second optical path differ 
ence providing structure corrects the spherochromatism 
(chromatic spherical aberration) caused due to the slightly 
fluctuating wavelength of the first light source or the second 
light Source. The slight fluctuation of the wavelength means 
the fluctuation within +10 nm. For example, when the first 
light flux changes by +5 nm from the wavelength 1, it is 
preferable that the second optical path difference providing 
structure corrects the fluctuation of the spherical aberration of 
the first light flux passing through the peripheral area and the 
amount of the fluctuation of the spherical aberration on the 
information recording surface of the first optical disk is 
0.010.1 rms or more, and is 0.095 W1 rms or less. Further, 
when the second light flux changes by +5 nm from the wave 
length 2, it is preferable that the second optical path differ 
ence providing structure corrects the fluctuation of the spheri 
cal aberration of the second light flux passing through the 
peripheral area and the amount of the fluctuation of the 
spherical aberration on the information recording Surface of 
the second optical disk is 0.0022.2 rms or more, and is 0.03 W2 
rms or less. Therefore, the aberration due to the fluctuation of 
the wavelength by the manufacturing error of the wavelength 
of the laser diode which is a light source, or the individual 
difference of the laser diode can be corrected. 
When the objective optical element comprises the most 

peripheral area, the objective optical element converges the 
first light flux passing through the most peripheral area of the 
objective optical element, onto the information recording 
surface of the first optical disk so that information can be 
recorded and/or reproduced for the first optical disk. Further, 
the spherical aberration in the first light flux passing through 
the most peripheral area, is preferably corrected when record 
ing and/or reproducing information for the first optical disk is 
conducted. 

Further, there is provided a preferable embodiment that the 
second light flux passing through the most peripheral area is 
not used for recording and/or reproducing information for the 
second optical disk, and that the third light flux passing 
through the most peripheral area is not used for recording 
and/or reproducing information for the third optical disk. In 
the embodiment, it is preferable that the second light flux and 
the third light flux each passing through the most peripheral 
area do not contribute to forming the light converged spots on 
respective information recording Surface of the second opti 
cal disk and the third optical disk. That is, when the objective 
optical element comprises the most peripheral area, the third 
light flux passing through the most peripheral area of the 
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objective optical element preferably forms flare on the infor 
mation recording surface of the third optical disk. In other 
words, the third light flux passing through the most peripheral 
area of the objective optical element, preferably forms the 
peripheral spot portion on the information recording Surface 
of the third optical disk. Further, when the objective optical 
element comprises the most peripheral area, the second light 
flux passing the most peripheral area of the objective optical 
element preferably forms flare on the information recording 
surface of the second optical disk. In other words, the second 
light flux which has passed through the most peripheral area 
on the objective optical element, preferably forms the periph 
eral spot portion on the information recording Surface of the 
second optical disk. 
When the most peripheral area comprises the third optical 

path difference providing structure, the third optical path 
difference providing structure may correct the sperochroma 
tism (chromatic spherical aberration) caused due to the 
slightly fluctuated wavelength of the first light source. The 
slight fluctuation of the wavelength means a fluctuation 
within +10 nm. For example, when the first light flux changes 
by +5 nm from the wavelength 1, it is preferable that the 
third optical path difference providing structure corrects the 
fluctuation of the spherical aberration of the first light flux 
passing through the peripheral area and the amount of the 
fluctuation of the spherical aberration on the information 
recording surface of the first optical disk is 0.010 1 rms or 
more, and is 0.095 W1 rms or less. 

Hereupon, the first optical path difference providing struc 
ture may be the structure in which the serrated shaped dif 
fractive structure and the binary structure overlap with each 
other. Further, the second optical path difference providing 
structure may be the structure in which the serrated shaped 
diffractive structure and the rougher (its pitch is larger) ser 
rated shaped diffractive structure overlap with each other. 
When the first optical path difference providing structure is 
the overlapped structure, the serrated shaped diffractive struc 
ture may provide optical path difference corresponding to the 
even times of the first wavelength 1 of the first light flux, so 
as not to provide a change in a phase of the wavefront of the 
first light flux. When the second optical path difference pro 
viding structure is the overlapped structure, the finer serrated 
shaped diffractive structure (with smaller pitch) may provide 
optical path difference corresponding to the even times of the 
first wavelength 1 of the first light flux, so as not to provide 
a change in a phase of the wavefront of the first light flux. 
Further, when the third wavelength 3 of the third light flux is 
the wavelength which is about even times of the first wave 
length of the first light flux, the integer times optical path 
difference is provided with the third light flux and it does not 
cause phase change in the wavefront of the third light flux. 
This structure provides an advantage that the above diffrac 
tive structure does not affect converging light spot of the first 
light flux and the third light flux. Hereupon, a value corre 
sponding to the even times indicates a value which is (2n 
0.1)x} 1 or more, and is (2n+0.1)x} 1 or less, where n is a 
natural number. 
The first optical path difference providing structure may be 

the structure in which at least the first basic structure and the 
second basic structure overlap with each other. 
The first basic structure is the optical path difference pro 

viding structure which emits a second-order diffracted light 
flux with a larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light flux passes 
through the first basic structure, which emits a first-order 
diffracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
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second light flux passes through the first basic structure, and 
which emits a first-order diffracted light flux with a larger 
light amount than any diffracted light fluxes with the other 
diffraction order, when the third light flux passes through the 
first basic structure. The first basic structure is preferably the 
optical path difference providing structure which emits the 
first light flux and the third light flux each of which passes 
through the first basic structure with their wavefront substan 
tially being even, and which emits the second light flux which 
passes through the first basic structure with the wavefront 
substantially being uneven. Further the first basic structure is 
preferably the optical path difference providing structure 
which makes a diffraction angle of the second light flux 
passing through the first basic structure different from the 
diffraction angles of the first light flux and the third light flux 
each passing through the first basic structure. The step 
amount in the direction of the optical axis of the step in the 
first basic structure is preferably the step amount providing 
optical path difference which is about two times of the first 
wavelength for the first light flux, also providing optical path 
difference which is about 1.2 times of the second wavelength 
for the second light flux and further providing optical path 
difference which is about 1 time of the third wavelength for 
the third light flux. 

Further, the second basic structure is the optical path dif 
ference providing structure which emits a 0-th-order dif 
fracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
first light flux passes through the second basic structure, 
which emits a 0-th-order diffracted light flux with a larger 
light amount than any diffracted light fluxes with the other 
diffraction order, when the second light flux passes through 
the second basic structure, and which emits a t1st order 
diffracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
third light flux passes through the second basic structure. The 
second basic structure is preferably the optical path difference 
providing structure which emits the first light flux and the 
second light flux each of which passes through the second 
basic structure with their wavefront substantially being even, 
and which emits the third light flux which passes through the 
second basic structure with the wavefront substantially being 
uneven. Further the second basic structure is preferably the 
optical path difference providing structure which makes a 
diffraction angle of the third light flux passing through the 
second basic structure different from the diffraction angles of 
the first light flux and the second light flux each passing 
through the second basic structure. The step amount in the 
direction of the optical axis of the step in the second basic 
structure is preferably the step amount providing optical path 
difference which is about five times of the first wavelength for 
the first light flux, also providing optical path difference 
which is about three times of the second wavelength for the 
second light flux and further providing optical path difference 
which is about 2.5 times of the third wavelength for the third 
light flux. Further, the shape of the second basic structure is 
preferably a binary structure shape as shown in FIG. 2(b) as 
an example. 

Further, it is preferable that the second optical path differ 
ence providing structure is the structure which comprises any 
one structure selected from the group including at least the 
first basic structure, the fifth basic structure and the sixth basic 
structure. It is preferable that the second optical path differ 
ence providing structure is not the structure which overlaps 
two or more of the first basic structure, the fifth basic structure 
and the sixth basic structure. When the second optical path 
difference providing structure at least comprises the first 
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basic structure, the second optical path difference providing 
structure has the same basic structure as the first optical path 
difference providing structure. Therefore, it makes the design 
work easy, which is preferable. 
The fifth basic structure is the optical path difference pro 

viding structure which emits a first-order diffracted light flux 
with a larger light amount than any diffracted light fluxes with 
the other diffraction order, when the first light flux passes 
through the fifth basic structure, which emits a first-order 
diffracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
second light flux passes through the fifth basic structure, and 
which emits a first-order diffracted light flux with a larger 
light amount than any diffracted light fluxes with the other 
diffraction order, when the third light flux passes through the 
first fifth structure. The step amount in the direction of the 
optical axis of the step in the fifth basic structure is preferably 
the step amount providing optical path difference which is 
about one time of the first wavelength for the first light flux, 
also providing optical path difference which is about 0.6 
times of the second wavelength for the second light flux and 
further providing optical path difference which is about 0.5 
times of the third wavelength for the third light flux. 
The sixth basic structure is the optical path difference 

providing structure which emits a third-order diffracted light 
flux with a larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light flux passes 
through the sixth basic structure, which emits a second-order 
diffracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
second light flux passes through the sixth basic structure, and 
which emits a second order diffracted light flux with a larger 
light amount than any diffracted light fluxes with the other 
diffraction order, when the third light flux passes through the 
sixth basic structure. The step amount in the direction of the 
optical axis of the step in the sixth basic structure is preferably 
the step amount providing optical path difference which is 
about three times of the first wavelength for the first light flux, 
also providing optical path difference which is about 1.9 
times of the second wavelength for the second light flux and 
further providing optical path difference which is about 1.6 
times of the third wavelength for the third light flux. 
When the objective optical element is a plastic lens, it is 

preferable that the first optical path difference providing 
structure is triple overlapped structure in which three kinds of 
basic structures overlap with each other. More specifically, it 
is preferable that the triple basic structure is formed by over 
lapping the third basic structure, the fourth basic structure or 
the seventh basic structure with the first basic structure and 
the second basic structure. More preferably, the triple over 
lapped structure is formed by overlapping the third basic 
structure with the first basic structure and the second basic 
Structure. 

Hereupon, the third basic structure is the optical path dif 
ference providing structure which emits a tenth-order dif 
fracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
first light flux passes through the third basic structure, which 
emits a sixth-order diffracted light flux with a larger light 
amount than any diffracted light fluxes with the other diffrac 
tion order, when the second light flux passes through the third 
basic structure, and which emits a fifth-order diffracted light 
flux with a larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light flux 
passes through the third basic structure. The step amount in 
the direction of the optical axis of the step in the third basic 
structure is preferably the step amount providing optical path 
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difference which is about ten times of the first wavelength for 
the first light flux, also providing optical path difference 
which is about six times of the second wavelength for the 
second light flux and further providing optical path difference 
which is about five times of the third wavelength for the third 5 
light flux. Further, the fourth basic structure is the optical path 
difference providing structure which emits a fifth-order dif 
fracted light flux with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, when the 
first lightflux passes through the fourth basic structure, which 10 
emits a third-order diffracted light flux with a larger light 
amount than any diffracted light fluxes with the other diffrac 
tion order, when the second light flux passes through the 
fourth basic structure, and which emits third and second order 
diffracted light fluxes each with a larger light amount than any 15 
diffracted light fluxes with the other diffraction order, when 
the third light flux passes through the fourth basic structure. It 
is preferable that the light amount of the third diffracted light 
flux is slightly larger than that of the second order diffracted 
light flux in the third light flux. The step amount in the 20 
direction of the optical axis of the step in the fourth basic 
structure is preferably the step amount providing optical path 
difference which is about five times of the first wavelength for 
the first light flux, also providing optical path difference 
which is about three times of the second wavelength for the 25 
second light flux and further providing optical path difference 
which is about 2.5 times of the third wavelength for the third 
light flux. Further, the seventh basic structure is the optical 
path difference providing structure which emits a second 
order diffracted light flux with a larger light amount than any 30 
diffracted light fluxes with the other diffraction order, when 
the first light flux passes through the fourth basic structure, 
which emits a first-order diffracted light flux with a larger 
light amount than any diffracted light fluxes with the other 
diffraction order, when the second light flux passes through 35 
the fourth basic structure, and which emits first order dif 
fracted light fluxes each with a larger light amount than any 
diffracted light fluxes with the other diffraction order, when 
the third light flux passes through the fourth basic structure. 
The step amount in the direction of the optical axis of the step 40 
in the seventh basic structure is preferably the step amount 
providing optical path difference which is about two times of 
the first wavelength for the first light flux, also providing 
optical path difference which is about 1.2 times of the second 
wavelength for the second light flux and further providing 45 
optical path difference which is about one time of the third 
wavelength for the third light flux. Further, the third basic 
structure, the fourth basic structure and the seventh basic 
structure have the function so as to make the spherical aber 
ration under-corrected, when the temperature increases and 50 
the wavelength of the first light source, the second light 
Source, and the third light source increases. Thereby, it can 
compensate the over-corrected spherical aberration caused 
with the refractive index lowering of the plastic at the time of 
temperature rise, and it allows to provide an excellent the 55 
spherical aberration. Hereupon, the depth of the step in the 
fourth basic structure and the seventh basic structure can be 
decreased as compared to that of the third basic structure. It is 
preferable that the third basic structure, the fourth basic struc 
ture and the seventh basic structure are provided on a basic 60 
surface (a basic aspheric surface) which is different from a 
basic surface (a basic aspheric surface) on which the first 
basic structure, the second basic structure, the fifth basic 
structure and the sixth basic structure are provided. Further, it 
is preferable that the third basic structure, the fourth basic 65 
structure and the seventh basic structure are provided on the 
basic surface which is designed so that the third basic struc 

24 
ture, the fourth basic structure and the seventh basic structure 
does not influence as much as possible in the direction of the 
light flux incident to the objective optical element. Further it 
is preferable that the third basic structure, the fourth basic 
structure and the seventh basic structure are the structure in 
which the depth of the structure in the direction of the optical 
axis becomes deeper as farther from the optical axis in the 
direction perpendicular to the optical axis till one point, and 
then in the area farther from the optical axis than the one 
point, the depth of the structure in the direction of the optical 
axis becomes shallower as farther from the optical axis in the 
direction perpendicular to the optical axis. 

Further, when the objective optical element is a plastic lens, 
it is preferable that the second optical path difference provid 
ing structure is formed by overlapping any one of the third 
basic structure, the fourth basic structure and the seventh 
basic structure with any one of the first basic structure, a fifth 
basic structure, and a sixth basic structure. It is more prefer 
able that the second optical path difference providing struc 
ture is formed by overlapping the fourth basic structure with 
the first basic structure. 

Further, when the objective optical element is the plastic 
lens, it is preferable that the objective optical element com 
prises the most peripheral area comprising the third optical 
path difference providing structure. In this case, it is prefer 
able that the third optical path difference providing structure 
is the structure at least having any one of the third basic 
structure, the fourth basic structure and the seventh basic 
structure. Preferably, the third optical difference providing 
structure comprises the fourth basic structure. 

Accordingly, when the objective optical element is the 
plastic lens, there is provided one preferable embodiment that 
the first optical path difference providing structure is the triple 
overlapped structure formed by overlapping three kinds of 
basic structures, the second optical path difference providing 
structure is the double overlapped structure formed by two 
kinds of basic structures, and the third optical path difference 
providing structure has only one kind basic structure. 

Further, when the objective optical element is a glass lens 
or a lens formed ofathermal resin, it is preferable that the first 
optical path difference providing structure is the structure 
formed by overlapping only the first basic structure and the 
second basic structure. 

Further, when the objective optical element is a glass lens 
or a lens formed of a thermal resin, it is preferable that the 
second optical path difference providing structure is the struc 
ture formed by overlapping any one of the third structure and 
the fourth structure with any one of the first basic structure, 
the fifth basic structure or the sixth basic structure. Preferably, 
it is the structure formed by overlapping the first basic struc 
ture and the fourth basic structure. 

Further, when the objective optical element is a glass lens 
or a lens formed of a thermal resin, it is preferable that the 
objective optical element comprises the most peripheral area 
which is the refractive surface. 

It is preferable that the first optical path difference provid 
ing structure is a ring-shaped structure comprising plural 
ring-shaped Zones with steps which are arranged concentri 
cally. When the objective optical element is a plastic lens, it is 
preferable that the steps in the first optical path difference 
providing structure have at least two kinds of step amounts 
selected from dA, dB. dC, and dD represented by the follow 
ing expressions. 
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1)-2B" (n'-1)) (20) 

Where, dA preferably satisfies the following expression 
(17). 

Further, dA more preferably satisfies the following expres 
sion (17"). 

Where, dB preferably satisfies the following expression 
(18'). 

Further, dB more preferably satisfies the following expres 
sion (18"). 

Where, dC preferably satisfies the following expression 
(19). 

Further, dC more preferably satisfies the following expres 
sion (19"). 

Where, dD preferably satisfies the following expression 
(20'). 

Further, dD more preferably satisfies the following expres 
sion (20"). 

Where, B represents a design wavelength (Lm); B' rep 
resents an arbitral value which is 0.390 um or more, and is 
0.410 um or less; n represents a refractive index of the objec 
tive optical element for the design wavelength B; and n' 
represents a refractive index of the objective optical element 
for a wavelength WB'. 

Further, B may represent the wavelength (Lm) of the first 
light Source arranged in the optical pickup apparatus, that is 
using wavelength, if it is difficult to perceive the design wave 
length; and WB' preferably represents an arbitral value which 
is 0.390 Lum or more, and is 0.405 um or less. More preferably, 
WB'represents an arbital value which is 0.390 Lum or more, and 
is 0.400 um or less. 

In the specification, the step amount means a length of the 
step in the optical path difference providing structure in the 
direction of the optical axis. For example, when the optical 
path difference providing structure is the structure shown in 
FIG. 12, examples of the step amount are each length of d1, 
d2, d3, and d4. “The steps in the first optical path difference 
providing structure have at least two kinds of step amounts 
selected from dA, dB, dC, and dD” means that at least one 
step X in the entire of the steps in the first optical path differ 
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ence providing structure has the step amount satisfying any 
one of dA, dB. dC, and dD, and the other step y has the step 
amount satisfying any one of dA, dB. dC, and dD, which 
differs from the step amount of the step X. 

It is preferable that there is no step having the step amount 
other than dA, dB. dC, and dD in the first optical path differ 
ence providing structure. It is further preferable that the step 
amount is not excessively large, from the viewpoint of easy 
manufacture of the die for the optical path difference provid 
ing structure and from the viewpoint of excellent transfer of 
the die. Therefore, it is more preferable that the entire of steps 
in the first optical path difference providing structure are 
composed of the steps having the step amounts satisfying 
only dC and dD. 
When designing an optical element according to the 

present invention, it can be considered to design it with the 
following method. First, the basic structure which is an opti 
cal path difference providing structure comprising a ring 
shaped structure, is designed. Next, another basic structure is 
designed and the another basic structure comprises a ring 
shaped structure which emits different order diffracted light 
flux with the maximum light amount for Some wavelength 
from the diffracted light flux with the maximum light amount 
emitted from the former basic structure. Then, the first optical 
path difference providing structure or the second optical path 
difference providing structure can be designed by overlap 
ping these two basic structures (they may be three basic 
structures) with each other. When designing the optical path 
difference providing structure using this method, there is a 
possibility that a ring-shaped Zone with Small pitch width 
appears. For example, the optical path difference providing 
structure shown in FIG.14(c) can be obtained by overlapping 
the basic structure shown in FIG. 14(a) and the basic structure 
shown in FIG. 14(b). However, there appears a small ring 
shaped Zone with a small pitch width which is shown as Wain 
FIG. 14(c) in the obtained structure. Here, the pitch width 
means a width of the ring-shaped Zone in the direction per 
pendicular to the optical axis of the optical element. For 
example, when the optical path difference providing structure 
is a structure shown in FIG. 12, examples of the pitch width 
are each length of w1, w2, w8, and wa. When the optical path 
difference providing structure is a structure shown in FIG. 13, 
examples of the pitch width are each length of w5, w6, w7. 
w8, and w9. 
The inventors of the present invention found as a result of 

earnest study that when the ring-shaped Zone has width Wa of 
5um or less, the ring-shaped Zone can be removed or filled 
without giving bad effect to the optical characteristics. 
Namely, in the structure shown in FIG. 14(c), the optical 
characteristics is not substantially affected, even when the 
small pitch width in which Wa is 5um or less is removed. 

Further, it is preferable that the pitch width of the step is not 
excessively small, from the viewpoint of manufacturing the 
die easily and transferring the die in good condition. There 
fore, when an ring-shaped Zone with the pitch width of 5um 
or less appears in the primitive optical path difference pro 
viding structure designed by overlapping plural basic struc 
tures, it is preferable that the ring-shaped Zone with the pitch 
width of 5 um or less is removed to obtain the final version of 
the optical path difference providing structure. When the 
ring-shaped Zone with the pitch width of 5 um or less is the 
protruded shape, the ring-shaped Zone can be removed by 
cutting out. When the ring-shaped Zone with the pitch width 
of 5 um or less is the depressed shape, the ring-shaped Zone 
can be removed by filling up. 

Accordingly, at least the first optical path difference pro 
viding structure are composed of the ring-shaped Zones 
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whole of which have pitch width of 5um or more. Preferably, 
the second optical path difference providing structure and the 
third optical path difference providing structure also are com 
posed of the ring-shaped Zones whole of which have pitch 
width of 5 um or more. 
As described above, it is preferable that the step amount is 

not excessively large. The inventors of the present invention 
found the followings as a result of earnest study. When the 
primitive optical path difference providing structure obtained 
by overlapping plural basic structures has one ring-shaped 
Zone with a step amount being larger than the reference value, 
the excessively large step amount can be reduced without bad 
effect to the optical characteristics by making the step amount 
of the ring-shaped Zone small by 10: B/(n-1) um. Although 
an arbitral value is set for the reference value, the reference 
value is preferably set to 10 WB/(n-1) um. 

From a viewpoint that fewer thin ring-shaped Zones are 
preferable, it is preferable that the entire of the ring shaped 
Zones of the first optical path difference providing structure 
satisfies that the value of (step amount/pitch width) is prefer 
ably 1 or less, and more preferably is 0.8 or less. Further more 
preferably, the entire of the ring shaped Zones of all of the 
optical path difference providing structures satisfies that the 
value of (step amount/pitch width) is preferably 1 or less, and 
most preferably is 0.8 or less. 
NA1 represents the image side numerical aperture of the 

objective optical element, necessary for reproducing and/or 
recording information for the first optical disk. NA2 
(NA12NA2) represents that the image side numerical aper 
ture of the objective optical element necessary for reproduc 
ing and/or recording for the information to the second optical 
disk. NA3 (NA2>NA3) represents that the image side 
numerical aperture of the objective optical element necessary 
for reproducing and/or recording information for the third 
optical disk. It is preferable that NA1 is one of 0.8 or more, 
and 0.9 or less; and 0.55 or more, and 0.7 or less. Specifically, 
preferable NA1 is 0.85. It is preferable that NA2 is 0.55 or 
more, and is 0.7 or less. Specifically, preferable NA2 is 0.60. 
Further, it is preferable that NA3 is 0.4 or more, and is 0.55 or 
less. Specifically, preferable NA3 is 0.45 or 0.53. 

It is preferable that the border of the central area and the 
peripheral area in the objective optical element is formed in a 
portion corresponding to the range being 0.9 NA3 or more 
and being 1.2-NA3 or less (more preferably, 0.95-NA3 or 
more, and 1.15-NA3 or less) for the third light flux. More 
preferably, the border of the central area and the peripheral 
area of the objective optical element is formed in a portion 
corresponding to NA3. Further, it is preferable that the border 
of the peripheral area and the most peripheral area of the 
objective optical element is formed in a portion correspond 
ing to the range being 0.9NA2 or more, and being 1.2-NA2 or 
less (more preferably, being 0.95 NA2 or more, and being 
1.15 NA2 or less) for the second light flux. More preferably, 
the border of the peripheral area and the most peripheral area 
of the objective optical element is formed in a portion corre 
sponding to NA2. It is preferable that the border of the outside 
of the most peripheral area of the objective optical element is 
formed in a portion corresponding to the range being than 
0.9-NA1 or more, and being 1.2:NA1 or less (more preferably, 
being 0.95 NA1 or more, and being 1.15:NA1 or less) for the 
first light flux. More preferably, the border of the outside of 
the most peripheral area of the objective optical element is 
formed in a portion corresponding to NA1. 
When the third light flux passing through the objective 

optical element is converged on the information recording 
surface of the third optical disk, it is preferable that the spheri 
cal aberration has at least one discontinuous portion. In that 
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case, it is preferable that the discontinuous portion exists in 
the range being 0.9 NA3 or more, and being 1.2-NA3 or less 
(more preferably, being 0.95-NA3 or more, and being 
1.15-NA3 or less) for the third light flux. Further, also when 
the second light flux passing through the objective optical 
element is converged on the information recording Surface of 
the second optical disk, it is preferable that the spherical 
aberration has at least one discontinuous portion. In that case, 
it is preferable that the discontinuous portion exists in the 
range being 0.9:NA2 or more, and being 1.2-NA2 or less 
(more preferably, being 0.95 NA2 or more, and being 
1.1 NA2 or less) for the second light flux. 

Further, when the spherical aberration is continuous and 
does not have the discontinuous portion, and when the third 
light flux passing through the objective optical element is 
converged on the information recording Surface of the third 
optical disk, it is preferable that the absolute value of the 
vertical spherical aberration is 0.03 um or more in NA2, and 
the absolute value of the vertical spherical aberration is 0.02 
um or less in NA3. More preferably, the absolute value of the 
vertical spherical aberration is 0.08 um or more in NA2, and 
the absolute value of the vertical spherical aberration is 0.01 
um or less in NA3. Further, when the second light flux passing 
through the objective optical element is converged on the 
information recording Surface of the second optical disk, it is 
preferable that the absolute value of the vertical spherical 
aberration is 0.03um or more in NA1, and the absolute value 
of the vertical spherical aberration is 0.005um or less in NA2. 

Further, because the diffraction efficiency depends on the 
depth (step amount) of the ring shaped Zone in the diffractive 
structure, the diffraction efficiency of the central area for each 
wavelength can be appropriately set corresponding to the use 
of the optical pickup apparatus. For example, in the case of the 
optical pickup apparatus for recording and reproducing infor 
mation on the first optical disk, and only for reproducing 
information on the second and the third optical disks, it is 
preferable that the diffraction efficiency of the central area 
and/or the peripheral area is defined with considering prima 
rily the diffraction efficiency for the first light flux. On the 
other hand, in the case of the optical pickup apparatus only for 
reproducing information on the first optical disks and for 
recording and reproducing information on the second and 
third optical disks, it is preferable that the diffraction effi 
ciency of the central area is defined with considering prima 
rily the diffraction efficiency for the second and third light 
fluxes and the peripheral area is defined with considering 
primarily the diffraction efficiency for the second light flux. 

In any case, when the following conditional expression 
(11) is satisfied, the diffraction efficiency of the first light flux 
calculated by the area weighted mean can be secured high. 

m11 sm21 (11) 

Where, m11 expresses the diffraction efficiency of the first 
light flux in the central area, m21 expresses the diffraction 
efficiency of the first light flux in the peripheral area. Here 
upon, when the diffraction efficiency of the central area is 
defined with considering primarily the light fluxes with the 
second and the third wavelengths, the diffraction efficiency of 
the first light flux of the central area is decreased. However, in 
the case where the numerical aperture of the first optical disk 
is larger than the numerical aperture of the third optical disk, 
when considered on the whole effective diameter of the first 
light flux, the diffraction efficiency decrease of the central 
area does not give so much large influence. 
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Hereupon, the diffraction efficiency in the present specifi 
cation can be defined as follows. 
(1) The transmittance of an objective optical element exclud 

ing the first and the second optical path difference provid 
ing structures is measured with being divided into the 
central area and the peripheral area. The objective optical 
element without the first and the second optical path dif 
ference providing structures has a focallength, a lens thick 
ness, a numerical aperture, a material which are the same to 
the objective optical element having the first and the sec 
ond optical path difference providing structures. In this 
case, the transmittance of the central area is measured with 
the light flux which enters into the peripheral area being 
shielded, and the transmittance of the peripheral area is 
measured with the light flux which enters into the central 
area being shielded. 

(2) The transmittance of the objective optical element having 
the first and the second optical path difference providing 
structures is measured with being divided into the central 
area and the peripheral area. 

(3) The diffraction efficiencies of both areas are obtained by 
dividing the results of (2) is divided by the respective 
results of (1). 
Further, the light utilization efficiency of any two light 

fluxes of the first light flux to the third light flux may be 80% 
or more, and the light utilization efficiency of the remaining 
one light flux may be 30% or more, and 80% or less. The light 
utilization efficiency of the remaining one light flux may also 
be 40% or more, and 70% or less. In this case, it is preferable 
that the light utilization efficiency of the third light flux is 30% 
or more, and 80% or less (or 40% or more, and 70% or less) 
1S. 

Hereupon, the light utilization efficiency described in this 
specification is calculated as follows. It is defined that the 
objective lens which includes the first optical path difference 
providing structure and the second optical path difference 
providing structure (which may further include the third opti 
cal path difference providing structure) forms an air disk 
whose light amount is A, on the information recording Sur 
face. It is further defined that the objective lens which is 
formed of the same material to the former objective lens and 
has the same focallength, axial thickness, numerical aperture, 
and wavefront aberration to the former objective lens and 
which does not includes the first optical path difference pro 
viding structure, the second optical path difference providing 
structure, and the third optical path difference providing 
structure, forms an air disk whose light amount B, on the 
information recording Surface. The light utilization efficiency 
described in this specification is obtained by calculating A/B. 
Where, the above described airy disk is the circle with a radius 
r' formed around the optical axis of the light converged spot. 
The radius r is expressed by r=0.61 WNA. 

Further, it is difficult that the tracking characteristic par 
ticularly in the third optical disk is maintained in the good 
condition when there is provided the light amount difference 
being 0% or more, and 20% or less between the diffracted 
light flux with a diffraction order having the largest light 
amount and the diffracted light flux with another diffraction 
order having the second largest light amount in the third light 
flux which has passed through the first optical path difference 
providing structure, that is, the difference between the dif 
fracted light flux forming the first best focus, and the dif 
fracted light flux forming the second best focus. However, the 
embodiment of the present invention can provide a excellent 
tracking characteristics under the above described condition. 

Each of the first light flux, the second light flux and the third 
light flux may enters into the objective optical element as a 
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collimated light flux, or may also enter into the objective 
optical element as a divergent light flux or a convergent light 
flux. Preferably, the magnification m1 of the objective optical 
element when the first light flux enters into the objective 
optical element satisfies the following expression (2). 

On the one hand, when the first light flux is made incident 
on the objective optical element as the divergent light, it is 
preferable that the magnification m1 of the incident light flux 
of the first light flux on the objective optical element satisfies 
the following expression (2). 

-0.10<n 1<0.00 (2) 

Further, when the second light flux enters into the objective 
optical element as the collimated light flux or substantially 
collimated light flux, it is preferable that the magnification m2 
of the objective optical element when the second light flux 
enters into the objective optical element satisfies the follow 
ing expression (3). 

On the one hand, when the second light flux is made inci 
dent on the objective optical element as the divergent light, it 
is preferable that the magnification m2 of the incident light 
flux of the second light flux on the objective optical element 
satisfies the following expression (3'). 

Further, when the third light flux enters into the objective 
optical element as a collimated light flux or Substantially 
collimated light flux, it is preferable that the magnification m3 
of the objective optical element when the third light flux 
enters into the objective optical element satisfies the follow 
ing expression (4). When the third light flux is a collimated 
lightflux, a problem is easily caused in the tracking operation. 
However, even when the third light flux is a collimated light 
flux, the embodiment of the present invention can obtain the 
good tracking characteristics, and information can be 
adequately recorded and/or reproduced for the three different 
optical disks. 

On the one hand, when the third light flux enters into the 
objective optical element as a divergent light flux, it is pref 
erable that the magnification m3 of the objective optical ele 
ment when the third light flux enters into the objective optical 
element satisfies the following expression (5). 

Further, when the objective optical element is a single 
plastic lens, it is preferable that the temperature characteristic 
makes good even if some wavelength characteristics is sacri 
ficed. Particularly, it is preferable to maintain a good balance 
between the wavelength and temperature characteristics. It is 
more preferable to maintain the temperature characteristic 
when recording and/or reproducing information for the first 
optical disk, is made good. In order to satisfy Such a charac 
teristic, it is preferable to satisfy the following conditional 
expressions (12) and (13). 

+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 
(WFEurms/( C.-mm)) (12) 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm’mm)) (13) 

Where, ÖSAT1 represents ÖSA3/8T of the objective optical 
element for a using light wavelength (In this case, it is defined 
that the wavelength does not changes with the temperature 
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change), in case that information is recorded and/or repro 
duced for the first optical disk. The using wavelength means 
a wavelength of the first light flux emitted from the first light 
Source arranged in the optical pickup apparatus comprising 
the objective optical element. The preferable using wave 
lengthis in the range being 400 nm or more, and being 415 nm 
or less, and is a wavelength which enables to record and/or 
reproduce information for the first optical disk. When the 
using wavelength is difficult to be set as above, the using 
wavelength may be set to 405 nm and ÖSAT1 of the objective 
optical element and ÖSAT2 and ÖSAT3 of the objective opti 
cal element which are described later, may be obtained. In 
other words, ÖSAT1 is a ratio of a change in a third spherical 
aberration of the objective optical element with a temperature 
change (temperature characteristics) for a using light wave 
length which does not change with temperature change, in 
case that information is recorded and/or reproduced for the 
first optical disk. Here, WFE means that the third spherical 
aberration is represented by using the wavelength aberration. 
ÖSA represents ÖSA3/öw when information is recorded and/ 
or reproduced for the first optical disc by the using wave 
length under the condition that the ambient temperature is 
constant. In other words, ÖSAW represents a change in the 
third spherical aberration of the objective optical element 
with the wavelength change (wavelength characteristics) 
when information is recorded and/or reproduced for the first 
optical disk by the using wavelength under the condition that 
the ambient temperature is constant. Here, it is preferable that 
the ambient temperature is a room temperature. The room 
temperature indicates 10°C. or more, and 40°C. or less, and 
preferably indicates 25°C. In above expressions, f is a focal 
length of the objective optical element for the using wave 
length of the first light flux, which is preferably 405 nm. 
More preferably, the following conditional expression 

(12") is satisfied. 
+0.00091 (WFEurms/( C.-mm))söSAT1/fs +0.0018 

(WFEurms/( C.-mm)) (12") 

Further preferably, the following conditional expression 
(12") is satisfied. 

+0.0013(WFEurms/( C.-mm))söSAT1/fs--0.0016 
(WFEurms/( C.-mm)) (12") 

Preferably, the following conditional expression (12") is 
satisfied. 

|öSAT1|sO.002 (WFErms, C.) (12") 

Preferably, the following conditional expression (13') is 
satisfied, more preferably, the following conditional expres 
sion (13") is satisfied. 

-0.032 (WFEirms (nm-mm)) asöSA/fe-0.0091 

-0.015 (WFEarms (nm:mm))söSAfs-0.011 
(WFEurmsf(nm:mm)) (13") 

Preferably, the following conditional expression (13") is 
satisfied, and more preferably, the following conditional 
expression (13") is satisfied. 

0.01 (WFEurms/nm)s 8SA.<0.1 (WFEurms/nm) (13") 

Describing furthermore, it is preferable that the objective 
optical element has the wavelength dependency of the spheri 
cal aberration so as to correct the change in the spherical 
aberration due to the refractive index change of the objective 
optical element caused with the temperature change by the 
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change of the first wavelength due to the temperature change. 
Preferably, the following conditional expression (14) is sat 
isfied. 

rms (C. mm)) (14) 

Where, ÖSAT2 represents ÖSA3/8T of the objective optical 
element for a using light wavelength (preferably 405 nm) 
which changes by 0.05 mm/°C. with a temperature change, in 
case that information is recorded and/or reproduced for the 
first optical disk. In other words, ÖSAT2 is a ratio of a change 
in a third spherical aberration of the objective optical element 
with a temperature change for a using light wavelength (pref 
erably 405 nm) which changes by 0.05 mm/°C. with a tem 
perature change in case that information is recorded and/or 
reproduced for the first optical disk. 
More preferably, the following conditional expression 

(14) is satisfied. 

rms (C. mm)) (14) 

Further preferably, the following conditional expression 
(14") is satisfied. 

+0.0007(WFEurms/( C.-mm))söSAT2/fe--0.0009 
(WFEurms/( C.-mm)) (14") 

Further, when the light converging optical system of the 
optical pickup apparatus comprises a coupling lens such as a 
collimator lens, and when the coupling lens is a plastic lens, it 
preferably satisfies the following conditional expression (15). 

O(WFEurms/( C.-mm))söSAT3/fs +0.00091 (WFE 
rms (C. mm)) (15) 

Where, ÖSAT3 represents ÖSA3/8T of a total optical sys 
tem including the coupling lens and the objective optical 
element for a using light wavelength (preferably 405 nm) 
which changes by 0.05 mm/°C. with a temperature change, in 
case that information is recorded and/or reproduced for the 
first optical disk. In other words, ÖSAT3 is a ratio of a change 
in a third spherical aberration of a total optical system includ 
ing the coupling lens and the objective optical element with a 
temperature change (temperature characteristics) for a using 
light wavelength (preferably 405 nm) which changes by 0.05 
nm/°C. with the temperature change, in case that information 
is recorded and/or reproduced for the first optical disk. 
More preferably, the following conditional expression 

(15') is satisfied. 

rms (C. mm)) (15") 

More preferably, the following conditional expression 
(15") is satisfied. 

+0.00005 (WFEurms/( C.-mm))söSAT3/fs +0.0003 
(WFEurms/( C.-mm)) (15") 

As described above, when the wavelength characteristic is 
not made so much good, the objective optical element whose 
temperature characteristic is excellent can be obtained. As for 
the wavelength characteristics, the light source whose oscil 
lation wavelength is appropriate for the objective optical ele 
ment is selected with considering the fluctuation of the oscil 
lation wavelength of the light source, that is, the bad influence 
came from the fluctuation of the wavelength can be Sup 
pressed to Some degree by selecting the light source whose 
oscillation wavelength is close to the reference wavelength. 
Accordingly, a low cost and simple optical pickup apparatus 
can be provided by combining the objective optical element 
as described above and the light source whose oscillation 
wavelength is severely selected. Further, there can be previ 
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ously prepared the different kinds of the above described 
objective optical elements whose design wavelengths are dif 
ferent from each other. Therefore, it allows to provide a low 
cost and simple optical pickup apparatus by combining the 
light source and the objective optical element whose designed 
wavelength is adequate corresponding to the fluctuation of 
the oscillation wavelength of the light source. More specifi 
cally, it is preferable that the manufacturing method of the 
optical pickup apparatus includes: the step of dividing the 
objective optical elements whose temperature characteristic 
is excellent as described above, into a plurality of groups 
corresponding to the specification of the optical path differ 
ence providing structure; the step of selecting any one group 
of the objective optical element corresponding to the oscilla 
tion characteristics of the light Source to be used; and the step 
of combining the light source and the selected objective opti 
cal element. 

For example, there is provided the objective optical ele 
ments which are divided into groups including: the group of 
the objective optical elements having an optical path differ 
ence providing structure appropriate for the light Source 
whose oscillation wavelength is deviated to plus side to the 
reference wavelength; a group of the objective optical ele 
ments having an optical path difference providing structure 
appropriate for the light source whose oscillation wavelength 
is close to the reference wavelength; and a group of the 
objective optical elements having the optical path difference 
providing structure appropriate for the light Source whose 
oscillation wavelength is deviated to minus side to the refer 
ence wavelength. Then, the oscillation wavelength of the 
using light source is measured. The objective optical element 
lens is selected from the group most appropriate for the mea 
Sured light source and is combined with the measured light 
Source. These steps allows to provide the optical pickup appa 
ratus which can adequately record and/or reproduce informa 
tion, even when the temperature changes. Further, it is pref 
erable that, the different identification marks corresponding 
to these groups are provided to the objective optical elements. 
In above description, “the specification of the optical path 
difference providing structure is different’ means, for 
example, that the design wavelength of the diffractive struc 
ture is made different. However, it is to be understood that 
various changes and modifications will be apparent to those 
skilled in the art. Further, "oscillation characteristics’ 
includes the measured value and fluctuation of the oscillation 
wavelength. 

Further, when the manufacturing method of the above 
described optical pickup apparatus is applied, and when the 
delivery lot of the manufactured optical pickup apparatus is 
inspected, it is preferable that the following conditional 
expression (16) is satisfied. 

oSA3so vöSA3. (16) 

Where, OSA3 (arms) expresses the standard deviation of 
the third order spherical aberration of the light converging 
optical systems (from the light Source to the information 
recording Surface) each including the objective optical ele 
ment of the optical pickup apparatus for the wavelength of the 
light source oscillated at the reference temperature and refer 
ence output. Further, Op. (nm) expresses the standard devia 
tion of the oscillation wavelength at the reference temperature 
and reference output of the light sources included in the 
delivery lot of the optical pickup apparatus. Further, 
ÖSA3W (Wrms/nm) expresses the wavelength dependency 
of the third spherical aberration of the light converging optical 
systems (from the light source to the information recording 
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Surface) each including the objective optical element 
included in the delivery lot of the optical pickup apparatus. 

Herein, the description will be returned to the explanation 
of the objective optical element. It is preferable that the objec 
tive optical element satisfies the above-described conditional 
expressions (12) to (15) by including the temperature char 
acteristics correction structure. For example, in the case 
where the first optical path difference providing structure is 
the structure comprising at least any one structure selected 
from a group including at least the third basic structure, the 
fourth basic structure and the seventh basic structure, the 
above described conditional expressions (12) to (15) can be 
realized without designing the complicated optical element. 
Further, when the second optical path difference providing 
structure is the structure comprising any one structure 
selected from a group including at least the third basic struc 
ture, fourth basic structure and the seventh structure, the 
above described conditional expressions (12), (12"), (13), 
(13), (13"), (14), (14), (15), and (15") can be realized without 
designing the complicated optical element. Further, when the 
objective optical element comprises the most peripheral area 
comprising the third optical path difference providing struc 
ture around the peripheral area, and the third optical path 
difference providing structure is the structure comprising any 
one structure selected from a group including at least the third 
basic structure, the fourth basic structure and the seventh 
basic structure, the above-described conditional expressions 
(12), (12"), (13), (13), (13"), (14), (14), (15), and (15") can be 
realized without designing the complicated optical element. 

Further, in the case where the image side numerical aper 
ture (NA) of the objective optical element to the first light flux 
is 0.8 or more, and 0.9 or less, the effects when the above 
described conditional expressions (12), (12"), (13), (13), 
(13"), (14), (14), (15), (15') are satisfied, are more conspicu 
OS. 

Further, it is preferable that the working distance (WD) of 
the objective optical element when the third optical disk is 
used, is 0.20 mm or more, and is 1.5 mm or less. The working 
distance of the objective optical element when the third opti 
cal disk is preferably 0.3 mm or more, and 1.0 mm or less. 
Next, it is preferable that the working distance (WD) of the 
objective optical element when the second optical disk is 
used, is 0.4 mm or more, and is 0.7 mm or less. The working 
distance is preferably that the working distance (WD) of the 
objective optical element when the first optical disk is used, is 
0.4 mm or more, and is 0.9 mm or less (when tlat2, it is 
preferably 0.6 mm or more, and is 0.9 mm or less). 

It is preferable that the entrance pupil diameter of the 
objective optical element is 2.8 mm or more, and is 4.5 mm or 
less when the first optical disk is used. 
The optical information recording and reproducing appa 

ratus according to the present invention, has the optical disk 
drive apparatus having the above described optical pickup 
apparatus. 

Herein, the optical disk drive apparatus installed in the 
optical information recording and reproducing apparatus will 
be described. There is provided the optical disk drive appa 
ratus employing a system of taking out only a tray which can 
hold an optical disk with the optical disk being, from the main 
body of the optical information recording and reproducing 
apparatus in which optical pickup apparatus is housed; and a 
system of taking out the main body of the optical disk drive 
apparatus in which the optical pickup apparatus is housed. 
The optical information recording and reproducing appa 

ratus using each of the above described systems, is generally 
provided with the following component members: an optical 
pickup apparatus housed in a housing: a drive source of the 
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optical pickup apparatus Such as seek-motor by which the 
optical pickup apparatus is moved toward the inner periphery 
or outer periphery of the optical disk for each housing; trav 
eling means having a guide rail for guiding the optical pickup 
apparatus toward the inner periphery or outer periphery of the 
optical disk; and a spindle motor for rotation driving of the 
optical disk. However, it is to be understood that various 
changes and modifications will be apparent to those skilled in 
the art. 

The optical information recording and reproducing appa 
ratus employing the former system is provide with, other than 
these component members, a tray which can hold the optical 
disk with the optical disk being mounted thereon, and a load 
ing mechanism for slidably moving the tray. The optical 
information recording and reproducing apparatus employing 
the latter system does not include the tray and loading mecha 
nism, and it is preferable that each component member is 
provided in the drawer corresponding to chassis which can be 
taken out outside. 

The embodiment of the present invention allows that one 
pickup lens to properly record and/or reproduce information 
for three different disks (for example, a high density optical 
disk using a blue-violet laser light source, DVD, and CD) 
with employing a simple and low-cost configuration. Further, 
the above embodiment allows to provide an optical pickup 
apparatus, an objective optical element, and an optical infor 
mation recording reproducing apparatus which can maintain 
accuracy of the tracking operation for all three different opti 
cal disks, even when using an infinite optical system. The 
above embodiment further allows to provide an optical 
pickup apparatus, an objective optical element, and an optical 
information recording reproducing apparatus which properly 
record and/or reproduce information for three different disks 
with using a single objective lens. The above embodiment 
further allow to provide an optical pickup apparatus, an objec 
tive optical element, and an optical information recording 
reproducing apparatus which provide excellent temperature 
characteristics and properly record and/or reproduce infor 
mation for three different disks with using a single objective 
lens, even when employing a plastic lens. 

EXAMPLE 

Referring to the drawings, the embodiment of the present 
invention will be described below. FIG. 3 is a view schemati 
cally showing optical pickup apparatus PU1 of the present 
embodiment capable of recording and/or reproducing infor 
mation adequately for BD, DVD and CD which are different 
optical disks. The optical pickup apparatus PU1 can be 
mounted in the optical information recording and reproduc 
ing apparatus. Herein, the first optical disk is BD, the second 
optical disk is DVD, and the third optical disk is CD. Here 
upon, the present invention is not limited to the present 
embodiment. 
The optical pickup apparatus PU1 comprises objective 

optical element OBJ; aperture ST: collimator lens CL; polar 
izing dichroic prism PPS; first semiconductor laser LD1 (the 
first light source) which emits a laser light flux with a wave 
length of 405 nm (the firs light flux) when recording/repro 
ducing information for BD; and first light receiving element 
PD1 which receives the reflection light from information 
recording surface RL1 of BD, and laser module LM. 

Further, the laser module LM comprises second semicon 
ductor laser EP1 (the second light source) which emits the 
laser light flux with a wavelength of 658 nm (the second light 
flux) when recording and/or reproducing information for 
DVD; third semiconductor laser EP2 (the third light source) 
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emitting the laser light flux with a wavelength of 785 nm (the 
third light flux) when recording and/or reproducing informa 
tion for CD; second light receiving element DS1 which 
receives the reflection light flux from the information record 
ing surface RL2 of DVD; the third light receiving element 
DS2 which receives the reflection light flux from the infor 
mation recording surface RL3 of CD; and a prism PS. 
As shown in FIG. 1 and FIG. 4, objective optical element 

OBJ includes central area CN including the optical axis; 
peripheral area MD arranged around the central area; and 
most peripheral area OT further arranged around the periph 
eral area, which are formed concentrically around the optical 
axis in the aspheric optical Surface of the light Source side of 
the objective optical element. Hereupon, the area ratio of the 
central area, peripheral area, most peripheral area shown in 
FIG. 1 and FIG. 4 is not expressed exactly. 

Blue-violet semiconductor laser diode LD1 emits a first 
light flux (v1-405 nm) which is a divergent light flux. The 
divergent light flux passes through polarizing dichroic prism 
PPS, and is converted into a collimated light flux by collima 
tor lens CL. The collimated light flux is converted from 
straight line polarized light into circular polarized light by the 
/4 wavelength plate which is not shown. The diameter of the 
converted light flux is regulated by the aperture ST, and objec 
tive optical element OBJ forms the regulated light flux into a 
spot on information recording surface RL1 of BD through the 
protective substrate with thickness of 0.0875 mm. 
The light flux on information recording surface RL1 is 

reflected and modulated by the information pit on the infor 
mation recording surface RL1. The reflected light flux passes 
through objective optical element OBJ, aperture ST again, 
and is converted from circular polarized light into straight line 
polarized light by the /4 wavelength plate which is not shown. 
Then, collimator lens CL convert the light flux into a conver 
gent light flux. The convergent light flux passes through 
polarizing dichroic prism PPS and is converged on the light 
receiving surface of the first light receiving element PD1. 
Then, information recorded in BD can be read based on the 
output signal of the first light receiving element PD1, by 
focusing or tracking objective optical element OBJ using 
biaxial actuator AC. 
Red semiconductor laser EP1 emits a second light flux 

(0.2=658 nm) which is a divergent light flux. The divergent 
light flux is reflected by the prism PS and is further reflected 
by polarizing dichroic prism PPS. Collimator lens CL colli 
mate the reflected light flux and the collimated light flux is 
converted from straight line polarized light into circular 
polarized light by the /4 wavelength plate which is not shown. 
The converted light flux enters into objective optical element 
OB.J. Herein, the incident light flux is converged by the cen 
tral area and the peripheral area of the objective optical ele 
ment OBJ (the light flux passing through the most peripheral 
area is made into a flare, and forms the peripheral spot por 
tion). The converged lightflux becomes a spot on information 
recording surface RL2 of DVD through the protective sub 
strate PL2 with a thickness of 0.6 mm, and forms the central 
spot portion. 
The light flux on information recording surface RL2 is 

reflected and modulated by the information pit on the infor 
mation recording surface RL2. The reflection light flux passes 
through objective optical element OBJ and aperture ST again, 
and is converted from circular polarized light into straightline 
polarized light by the /4 wavelength plate which is not shown. 
Then, Collimator lens CL converts the light flux into a con 
vergent light flux, the convergent light flux is reflected by the 
polarizing dichroic prism PPS, then, is reflected two times in 
the prism, and converged on the second light receiving ele 



US 7,843,793 B2 
37 

ment DS1. Then, the information recorded in DVD can be 
read by using the output signal of the second light receiving 
element DS1. 

Infrared semiconductor laser EP2 emits the third light flux 
(2,3–785 nm) which is a divergent light flux. The divergent 
light flux is reflected by prism PS, and further reflected by 
polarizing dichroic prism PPS. Collimator lens CL collimate 
the reflected light flux and the collimated light flux is con 
Verted from Straight line polarized light into circular polar 
ized light by the /4 wavelength plate which is not shown. The 
converted light flux enters into objective optical element OBJ. 
Herein, the incident light flux is converged by the central area 
of the objective optical element OBJ (the light flux passing 
through the peripheral area and the most peripheral area is 
made into a flare, and forms the peripheral spot portion). The 
converged light flux becomes a spot on information recording 
surface RL3 of CD through the protective substrate PL3 with 
thickness of 1.2 mm, and forms the central spot portion. 

The light flux on information recording surface RL3 is 
reflected and modulated by the information pit on the infor 
mation recording surface RL3. The reflection light flux passes 
through objective optical element OBJ and aperture ST again, 
and is converted from circular polarized light into straightline 
polarized light by the 4 wavelength plate which is not shown. 
Then, collimator lens CL converts the light flux into a con 
vergent light flux, the convergent light flux is reflected by the 
polarizing dichroic prism PPS, then, is further reflected two 
times in the prism. The reflected light flux is converged on the 
third light receiving element DS2. Then, information 
recorded in CD can be read by using output signal of the third 
light receiving element DS2. 
When the first lightflux emitted from the blue-violet semi 

conductor laser LD1 enters into objective optical element 
OBJ as a collimated light flux, the first optical path difference 
providing structure of the central area, the second optical path 
difference providing structure of the peripheral area and the 
most peripheral area adequately corrects the spherical aber 
ration of the first light flux. Therefore, information can be 
recorded and/or reproduced adequately for BD having a pro 
tective substrate with a thickness t1. Further, when the second 
light flux emitted from the red semiconductor laser EP1 
enters into objective optical element OBJ as a collimated light 
flux, the first optical path difference providing structure of the 
central area, the second optical path difference providing 
structure of the peripheral area adequately corrects the spheri 
cal aberration of the second light flux generated due to the 
thickness difference between the protective substrates of BD 
and DVD and the wavelength difference between the first 
light flux and the second light flux, and the most peripheral 
area makes the second light flux the flare on the information 
recording surface of DVD. Therefore, information can be 
recorded and/or reproduced adequately for DVD having a 
protective substrate with thickness of t2. Further, when the 
third light flux emitted from the infrared semiconductor laser 
EP2 enters into objective optical element OBJ as the parallel 
light flux, the first optical path difference providing structure 
of the central area adequately corrects the spherical aberra 
tion of the third light flux generated due to the thickness 
difference between the protective substrates of BD and CD 
and the wavelength difference between the first light flux and 
the third light flux, and the second optical path difference 
providing structure of the peripheral area and the most periph 
eral area make the third light flux the flare on the information 
recording surface of CD. Therefore, information can be 
recorded and/or reproduced adequately for CD having a pro 
tective substrate with thickness oft3. Further, the first optical 
path difference providing structure on the central area sepa 
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38 
rates a light converged spot of a necessary light of the third 
light flux which is used for recording and reproducing infor 
mation, and a light converged spot of an unnecessary light of 
the third light flux by the adequate distance. Thereby, the first 
optical path difference providing structure also makes the 
tracking characteristic good when CD is used. Additionally, 
the second optical path difference providing structure on the 
peripheral area can correct the spherochromatism (chromatic 
spherical aberration) for the first light flux and the second 
light flux when the wavelength is deviated from the reference 
wavelength due to the reason Such as the manufacturing error 
of the laser diode. 

Examples 1-3 

Next, examples which can be used for the above described 
embodiment will be described. In the following examples 
1-3, the objective optical element is a single glass lens. The 
objective optical element comprises an optical Surface includ 
ing central area CN, the peripheral area MD, and the most 
peripheral area OT. The first optical path difference providing 
structure is formed on the entire surface of central area CN on 
the optical surface. The second optical path difference pro 
viding structure is formed on the entire surface of the periph 
eral area MD on the optical surface. The most peripheral area 
OT on the optical surface is the refractive surface in the 
aspheric shape. 

Further, in Examples 1-3, the first optical path difference 
providing structure is the structure formed by overlapping the 
first basic structure and the second basic structure and having 
a shape in which a serrated diffractive structure and a binary 
structure are overlapped. The sectional shape is likely a shape 
shown in FIG. 2(c). The first basic structure which is the 
Serrated diffractive structure is designed so as to make the 
light amount of the second order diffracted light flux of the 
first light flux larger than the light amount of any diffracted 
light flux with other diffraction order (which also includes 
0-th order flux, that is, a transmitted light flux), and to make 
the light amount of the first order diffracted light of the second 
light flux is made larger than the light amount of any diffrac 
tive light with other diffraction order (which also includes 
0-th order light flux, that is, a transmitted light), and to make 
the light amount of the first order diffractive light of the third 
light flux larger than the light amount of any diffracted light 
with other diffraction order (which also includes 0-th order 
light flux, that is, a transmitted light). Further, the second 
basic structure which is the binary structure, is so-called, the 
wavelength selection diffractive structure. The second basic 
structure is designed so as to make the light amount of the 0-th 
order diffracted light (transmitted light) of the first light flux 
larger than the light amount of the any diffracted light with 
other diffraction order, to make the light amount of the 0-th 
order diffracted light (transmitted light) of the second light 
flux larger than the light amount of any diffracted light with 
other diffraction order, and to make the light amount of+first 
order diffracted light of the third light flux larger than the light 
amount of any diffracted with other diffraction order (which 
also includes 0-th order light flux, that is, a transmitted light). 

Further, each of the examples 1-3 provide a first optical 
path difference providing structure including the following 
areas: as shown in FIG. 2(c), the area of the optical axis side 
of the central area in which the Serrated structure having steps 
facing the optical axis side and the binary structure are over 
lapped; the area of the peripheral area side of the central area 
in which the serrated structure having steps facing the oppo 
site side to the optical axis, and the binary structure are 
overlapped; the transition area arranged between the two 
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areas, which is necessary for Switching direction of the step of 
the serrated structure. This transition area corresponds to a 
point where the optical path difference function has an 
extreme value when the optical path difference which is 
added to the transmitting wavefront by the diffractive struc 
ture, is expressed by the optical path difference function. 
Hereupon, when the optical path difference function has a 
point which is the extreme value, it reduces the inclination of 
the optical path difference function. Therefore, the ring 
shaped Zone pitch can be extended, and the transmittance 
lowering due to the shape error of the diffractive structure can 
be suppressed. 

In the examples 1-3, the second optical path difference 
providing structure is the structure formed by overlapping the 
first basic structure and the fourth basic structure, and having 
a shape in which a finer serrated diffractive structure and a 
rougher serrated diffractive structure are overlapped. Here 
upon, the step faces the opposite side to the optical axis in the 
finer serrated diffractive structure, and the step faces the opti 
cal axis side in the rougher serrated diffractive structure. The 
sectional shape is likely a shape shown in FIG. 2(d). The first 
basic structure which is the finer serrated diffractive structure 
is designed so as to makes the light amount of the second 
order diffracted light of the first light flux larger than the light 
amount of any diffracted light with other diffraction order 
(which also includes 0-th order flux, that is, a transmitted light 
flux), to make the light amount of the first order diffractive 
light of the second light flux larger than the light amount of 
any diffracted light with other diffraction order (0 which also 
includes 0-th order flux, that is, a transmitted light flux), and 
to make the light amount of the first order diffracted light of 
the third light flux larger than the light amount of any dif 
fracted light with other diffraction order (which also includes 
0-th order flux, that is, a transmitted light flux). Further, the 
fourth basic structure which is the rougher serrated diffractive 
structure is designed so as to make the light amount of the fifth 
order diffractive light of the first light flux larger than the light 
amount of any diffracted light with other diffraction order, to 
make the light amount of the third order diffracted light of the 
second light flux larger than the light amount of any diffracted 
light of other diffraction order, and to make the light amount 
of the third and second order diffracted light of the third light 
flux larger than the light amount of any diffracted light with 
other diffraction order. Hereupon, in FIG. 2(c) and FIG.2(d). 
the sectional shape is exaggeratingly drawn for easy under 
Standing. 
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The lens data of the examples are shown In Tables 1-1 to 

6-4. Hereinafter, the power of 10 will be expressed as by using 
“E”. For example, 2.5x10 will be expressed as 2.5E-3. 

Each of optical surfaces of the objective optical system is 
formed as an aspherical Surface, which has a symmetric 
shape around the optical axis with defined by substituting the 
coefficients shown in the tables described later into the 
expression 21. 

(h' fr) O (21) 

1 + V 1 - (1 + k)(hf r) =0 

Herein, X(h) is the axis along the optical axis (the direction 
of traveling light is positive direction), K is a conical constant, 
A, is an aspherical coefficient, his the height from the optical 
axis. 

Further, The diffractive structure provides the optical path 
difference with the light fluxes of respective wavelengths, 
which is defined by substituting the coefficients shown in the 
tables shown later into the expression 22. 

6 (22) 
d(h) = f : X dor X X Ch? 

i=0 

Hereupon, w is the wavelength of the incident light flux, W 
is the blaze wavelength, dor is the diffraction order, C is the 
coefficient of the optical path difference function. 

Example 1 

The lens data of Example 1 will be shown in Tables 1-1 to 
1-3. Further, FIGS. 5(a), 5(b), and 5(c) show the vertical 
spherical aberration diagrams of Example 1. The numeral 1.0 
of the vertical axis of the vertical spherical aberration dia 
grams expresses NA 0.85, or a diameter of 3.74 mm in BD: 
expresses a value slightly larger than NA 0.60, or a diameter 
of 2.68 mm in DVD; and expresses a value slightly larger than 
NA0.45, or a value slightly larger than a diameter of 2.18 mm 
in CD. Hereupon, L is 0.28 mm in Example 1. Accordingly, it 
provides L/f 0.28/2.42=0.116. 

TABLE 1-1 

Lens Data 

Single diffractive lens 
Focal length of the objective lens f = 2.20 mm f = 2.28 mm f = 2.42 mm 
Numerical aperture NA1: O.85 NA2: O.60 NA3: O.45 
Magnification m1:0 m2: O m3: O 

The i-th 

Surface ri di (405 nm) ni (405 nm) di (658 nm) ni (658 nm) di (785 nm) ni (785 nm) 

O ce ce ce 

1 (Stop O.O O.O O.O 
diameter) (p3.74 mm) (p2.68 mm) (p2.18 mm) 
2 15795 2.430 1.6OS 2.430 1.586 2.430 1.582 

2-1 15799 
2-2 1.5804 

2-3 1.5810 
2-4 1.5793 
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TABLE 1-3-continued 

Surface no. 

2-4 2-5 2-6 3 
Area 

1.262 s h is 1307 1307 s h is 1355 1355 sh 

Optical path Diffraction 
difference order 
function *1 

C10 

* 1: Design wavelength 

Example 2 grams expressions NA 0.85, or a diameter of 3.74 mm in BD: 
20 expresses a value slightly larger than NA 0.60, or a diameter 

of 2.68 mm in DVD; and expresses a value slightly larger than 
NA0.45, or a value slightly larger than a diameter of 2.12 mm 
in CD. Hereupon, L is 0.16 mm in Example 2. Accordingly, it 
provides L/f 0.16/2.36=0.068. 

The lens data of Example 2 will be shown in Tables 2-1), to 
2-3. Further, FIGS. 6(a), 6(b), and 6(c) show the vertical 
spherical aberration diagrams of Example 2. The numeral 1.0 
of the vertical axis of the vertical spherical aberration dia 

TABLE 2-1 

Lens Data 

Single diffractive lens 
Focal length of the objective lens f = 2.20 mm f = 2.28 mm f = 2.36 mm 
Numerical aperture NA1: O.85 NA2: O.60 NA3: O.45 
Magnification m1:0 m2: O m3: O 

The i-th 
Surface ri di (405 nm) ni405 nm) dió58 nm) nió58 nm) di 785 nm) niC785 nm) 

O ce ce ce 

1(Stop O.O O.O O.O 
diameter) (p3.74 mm) (p2.68 mm) (p2.12 mm) 
2 1.5810 2.43O 1.6OS 2.430 1.586 2.430 1.582 
2-1 1.582S 
2-2 1.582O 
2-3 1.5809 
2-4 1.58O8 
2-5 1.5811 
2-6 15316 
3 -4.7543 0.79 O.S4 O.26 
4 ce O.O875 1620 O600 1577 1200 1571 
5 ce 

TABLE 2-2 

Surface no. 

2 2-1 2-2 2-3 
Area 

his 1.116 1116 s h is 1197 1197 s h is 1.239 1239 s h is 1273 

Aspheric K -50687E-O1 -5.0696E-O1 -5.1166E-O1 -51724E-O1 
Surface AO OOOOOE-00 -3.3441E-03 -7.OO33E-03 -1081OE-02 
coefficient A4 1363OE-O2 1363OE-02 1363OE-02 1363OE-02 

A6 2.1948E-03 2.1948E-03 2.1948E-03 2.1948E-03 
A8 3.98O3E-03 3.98O3E-03 3.98O3E-03 3.98O3E-03 
A10 -3.7498E-03 -3.7498E-03 -3.7498E-03 -3.7498E-03 
A12 14932E-03 14932E-03 14932E-03 14932E-03 
A14 7.7535E-05 7.7535E-05 7.7535E-05 7.7535E-05 
A16 -16888E-04 -16888E-04 -16888E-04 -16888E-04 
A18 4.53.16E-OS 4.53.16E-OS 4.53.16E-OS 4.53.16E-OS 
A2O -4.4456E-06 -4.4456E-06 -4.4456E-06 -4.4456E-06 
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Example 3 

The lens data of Example 31 will be shown in Tables 3-1), 
to 3-3. Further, FIGS. 7(a), 7(b), and 7(c) show the vertical 
spherical aberration diagrams of Example 2. The numeral 1.0 5 Hereupon, L is 0.28 mm in Example 3. Accordingly, it pro 
of the vertical axis of the vertical spherical aberration diagram 

TABLE 3-1 

Lens Data 

Single diffraction lens 
Focal length of the objective lens f = 2.20 mm f = 2.28 mm f = 2.43 mm 
Numerical aperture NA1: O.85 NA2: O.60 NA3: O.45 
Magnification m1:0 m2: O m3: O 

The i-th 

Surface ri di (405 nm) ni405 nm) dió58 nm) nió58 nm) di 785 nm) niC785 nm) 

O ce ce ce 

1(Stop O.O O.O O.O 

diameter) (p3.74 mm) (p2.68 mm) (p2.17 mm) 
2 15559 2.370 1.6OS 2.370 1.586 2.370 1.582 

2-1 1.5627 

2-2 1.5653 

2-3 1.5643 

2-4 1.5658 

2-5 1.5648 

3 -5.1533 O.82 0.57 O.36 

4 ce O.O875 1620 O600 1577 1200 1571 

5 ce 

TABLE 3-2 

Surface no. 

2 2-1 2-2 2-3 
Area 

his 1.110 1110 s h is 1179 1179 s h is 1218 1218 s h is 1278 

Aspheric K -5.314OE-O1 -5.2257E-O1 -5.2131E-O1 -5.2861E-O1 
Surface AO OOOOOE-00 -6.0616E-03 -9.0884E-03 -12687E-O2 
coefficient A4 1.2S38E-O2 1.2S38E-O2 1.2S38E-O2 1.2538E-O2 

A6 1.573OE-03 1.573OE-03 1.573OE-03 1.573OE-03 
A8 7.8213E-03 7.8213E-03 7.8213E-03 7.821.3E-03 
A10 -6.68O1E-03 -6.68O1E-03 -6.68O1E-03 -6.68O1E-03 
A12 2.5319E-03 2.5319E-03 2.5319E-03 2.531.9E-03 
A14 -7.3283E-OS -7.3283E-OS -7.3283E-OS -7.3283E-OS 
A16 -16888E-04 -16888E-04 -16888E-04 -16888E-04 
A18 4.53.16E-OS 4.53.16E-OS 4.53.16E-OS 4.53.16E-OS 
A2O -4.4456E-06 -4.4456E-06 -4.4456E-06 -4.4456E-06 

Optical path Diffraction 2f1. 2f1. 2f1. 2f1. 
difference order 
function *1 395 nm. 395 nm. 395 nm. 395 nm. 

C2 -4.2889E-03 -4.2889E-03 -4.2889E-03 -4.2889E-03 
C4 16784E-03 16784E-03 16784E-03 16784E-03 
C6 2.4623E-03 2.4623E-03 2.4623E-03 2.4623E-03 
C8 -1.1484E-03 -1.1484E-03 -1.1484E-03 -1.1484E-03 
C10 3.0281E-04 3.0281E-04 3.0281E-04 3.0281E-04 

Optical path Diffraction O.O. 
difference order 
function *1 785 nm. 

C2 16209E-02 
C4 -4.2084E-04 
C6 -1.8779E-03 
C8 1.S357E-03 
C10 -4.6042E-04 

US 7,843,793 B2 

* 1: Design wavelength 

expresses NA0.85 or a diameter of 3.74 mm in BD, expresses 
a value slightly larger than NA 0.60, or a diameter of 2.68 mm 
in DVD, and expresses a value slightly larger than NA 0.45, or 
a value slightly larger than a diameter of 2.17 mm in CD. 
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vides L/f=0.28/2.43=0.115. 
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TABLE 3-3 

Surface no. 

2-4 2-5 3 
Area 

1278 is 
his 1.346 1.346 sh 

Aspheric K -5.3306E-O1 -6.5475E-01 -9.8372E--OO 
Surface AO -19455E-02 86537E-O2 OOOOOE--OO 
coefficient A4 1.2538E-O2 1.5782E-O2 14197E-O1 

A6 1.573OE-03 9.9623E-04 -1.3547E-O1 
A8 7.821.3E-03 1.7248E-O3 8.646OE-O2 
A10 -6.68O1E-O3 -1.35O1E-O3 -3.5392E-O2 
A12 2.531.9E-03 3.0344E-04 8.OSS1E-03 
A14 -7.3283E-OS 2.248OE-04 -7.7385E-04 
A16 -16888E-04 -1.6807E-04 OOOOOE--OO 
A18 4.53.16E-OS 4.4386E-05 OOOOOE--OO 
A2O -4.4456E-06 -4.3584E-06 OOOOOE--OO 

Optical path Diffrac- 2f1. 
difference tion 
function order 

*1 395 nm. 
C2 -4.2889E-03 
C4 16784E-03 
C6 2.4623E-03 
C8 -1.1484E-03 
C10 3.0281E-04 

Optical path Diffrac 
difference tion 
function order 

*1 
C2 
C4 
C6 
C8 
C10 

* 1: Design wavelength 

Example 4 

In Example 4, the objective optical element is a single 
plastic lens formed of polyolefin. The objective optical ele 
ment comprises an optical Surface comprising the central area 
CN, the peripheral area MD, and the most peripheral area OT. 
The first optical path difference providing structure is formed 
on the entire surface of central area CN on the optical surface. 
The second optical path difference providing structure is 
formed on the entire surface of the peripheral area MD on the 
optical surface. The third optical path difference providing 
structure is formed on the entire surface of the most peripheral 
area OT on the optical surface. 

Further, in the Example 4, the first optical path difference 
providing structure is the structure formed by overlapping the 
first basic structure, the second basic structure and the third 
basic structure, and having a shape in which two kinds of the 
serrated diffractive structures and a binary structure are over 
lapped. The sectional shape of the first optical path difference 
providing structure is shown as a portion represented as CN in 
FIG. 8. The third basic structure is a serrated diffractive 
structure and is designed so as to make the light amount of the 
tenth order diffracted light of the first light flux larger than the 
light amount of any diffractive light with other diffraction 
order (which also includes 0-th order flux, that is, a transmit 
ted light flux), to make the light amount of the sixth order 
diffracted light of the second light flux larger than the light 
amount of any diffracted light with other diffraction order 
(which also includes 0-th order flux, that is, a transmitted light 
flux), and to make the light amount of the fifth order diffracted 
light of the third light flux larger than the light amount of any 
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50 
diffracted light with other diffraction order (which also 
includes 0-th order flux, that is, a transmitted light flux). The 
step amount in the direction of the optical axis of the step in 
the first basic structure is the step amount providing optical 
path difference which is about two times of the first wave 
length for the first light flux, also providing optical path 
difference which is about 1.2 times of the second wavelength 
for the second light flux and further providing optical path 
difference which is about 1 time of the third wavelength for 
the third light flux. The step amount in the direction of the 
optical axis of the step in the second basic structure is the step 
amount providing optical path difference which is about five 
times of the first wavelength for the first light flux, also 
providing optical path difference which is about three times 
of the second wavelength for the second light flux and further 
providing optical path difference which is about 2.5 times of 
the third wavelength for the third light flux. The step amount 
in the direction of the optical axis of the step in the third basic 
structure is the step amount providing optical path difference 
which is about ten times of the first wavelength for the first 
light flux, also providing optical path difference which is 
about six times of the second wavelength for the second light 
flux and further providing optical path difference which is 
about five times of the third wavelength for the third light flux. 
The third basic structure is provided on a basic aspheric 
surface which is different from a basic aspheric surface on 
which the first basic structure and the second basic structure 
are provided. 

In Example 4, the second optical path difference providing 
structure is the structure formed by overlapping the first basic 
structure and the fourth basic structure as shown as MD in 
FIG. 8, and has a shape in which two kinds of the serrated 
diffractive structures are overlapped. The step amount in the 
direction of the optical axis of the step in the fourth basic 
structure is the step amount providing optical path difference 
which is about five times of the first wavelength for the first 
light flux, also providing optical path difference which is 
about three times of the second wavelength for the second 
light flux and further providing optical path difference which 
is about 2.5 times of the third wavelength for the third light 
flux. The fourth basic structure is provided on a basic aspheric 
surface which is different from a basic aspheric surface on 
which the first basic structure is provided. The third basic 
structure in the first optical path difference providing struc 
ture and the fourth basic structure in the second optical path 
difference providing structure are continuous. The third basic 
structure and the fourth basic structure are the structure in 
which the depth of the third basic structure in the direction of 
the optical axis becomes deeper as farther from the optical 
axis in the direction perpendicular to the optical axis till the 
boundary between the first optical path difference providing 
structure and the second optical path difference providing 
structure, and then in the area farther from the optical axis 
than the boundary, the depth of the fourth basic structure in 
the direction of the optical axis becomes shallower as farther 
from the optical axis in the direction perpendicular to the 
optical axis. 

In the Example 4, the third optical path difference provid 
ing structure is the structure having only the fourth basic 
structure as shown as OT in FIG. 8, and has a shape which has 
only one kind of serrated diffractive structure. The third basic 
structure in the third optical path difference providing struc 
ture is not the structure in which the depth of the structure in 
the direction of the optical axis becomes deeper as farther 
from the optical axis in the direction perpendicular to the 
optical axis till one point, and then in the area farther from the 
optical axis than the one point, the depth of the structure in the 
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direction of the optical axis becomes shallower as farther 
from the optical axis in the direction perpendicular to the 
optical axis. 
The lens data of Example 4 will be shown in Tables 4-1 to 

4-4. Further, FIGS. 9(a) to 9(c) shows the vertical spherical 
aberration diagrams of Example 4. The numeral 1.0 of the 
Vertical axis of the Vertical spherical aberration diagrams 
expresses NA0.85 or a diameter of 3.74 mm in BD, expresses 
a value slightly larger than NA 0.60, or a value slightly larger 10 
than a diameter of 2.70 mm in DVD, and expresses a value 
slightly larger than NA 0.45, or a value slightly larger than a 
diameter of 2.37 mm in CD. Hereupon, L is 0.60 mm in 
Example 4. Accordingly, it provides L/f-0.60/2.53=0.237. 

52 
The entire of ring-shaped Zones of the first optical path 

difference providing structure in Example 4 can be classified 
to the groups: a group of a step amount in the range of 3.62 um 
to 4.23 um; and a group of a step amount in the range of 2.22 
um to 2.56 um. Here, B is 405 nm. B' is an arbitral value in 
the range of 390 nm to 400 nm. Accordingly, each of the entire 
ring shaped Zones in the first optical path difference providing 
structure in Example 4 has a step amount satisfying any one of 
dC and dD. Each of the entire ring shaped Zones in the first 
optical path difference providing structure has a pitch differ 
ence within the range of 5.3 um to 110 um. Each of the entire 
ring shaped Zones in the first optical path difference providing 
structure has a value of (step amount/pitch width) being 0.8 or 
less. 

TABLE 4-1 

Lens Data 

Single diffraction lens 
Focal length of the objective lens f = 2.20 mm f = 2.28 mm f = 2.53 mm 
Numerical aperture NA1: O.85 NA2: O.60 NA3: O.45 
Magnification m1:0 m2: O m3: O 

The i-th 

Surface ri di (405 nm) ni405 nm) dió58 nm) nió58 nm) di 785 nm) niC785 nm) 

O ce ce ce 

1(Stop O.O O.O O.O 
diameter) (p3.74 mm) (p2.70 mm) (p2.37 mm) 
2 1.5656 2.68O 1.561 2.68O 1540 2.68O 1536 
2-1 1.5626 
2-2 1.5595 
2-3 15570 
2-4 1.5661 
2-5 1.5633 
2-6 1.5643 
2-7 1.5657 
2-8 1.5656 
2-9 1.53232 
3 -2.874O 0.67 O43 O41 
4 ce O.O875 1620 O600 1577 1200 1571 

5 ce 

TABLE 4-2 

Surface no. 

2 2-1 2-2 2-3 
Area 

his 0.3982 0.3982 sh is 0.6392 O.6392 s h is 0.9173 0.9173 s h is 12020 

Aspheric K -O.S.45763E--OO -0.544149E--OO -0.543545E--OO -O-540372E--OO 
Surface AO OOOOOOOE--OO O.723148E-O2 O.144639E-01 O.217471E-O1 
coefficient A4 O.173456E-O1 O.173456E-O1 O.173456E-O1 O.173456E-O1 

A6 O.161268E-O2 O.161268E-O2 O.161268E-O2 O.161268E-O2 
A8 O.227272E-O2 O.227272E-O2 O.227272E-O2 O.227272E-O2 
A1O -0.176212E-O2 -0.176212E-O2 -0.176212E-O2 -0.176212E-O2 
A12 O.832672E-O3 O.832672E-03 O.832672E-03 O.832672E-03 
A14 O.306247E-O3 O.306247E-03 O.306247E-03 O.306247E-03 
A16 -O.31251OE-03 -O.31251OE-03 -O.31251OE-03 -O.31251OE-03 
A18 O.779196E-O4 O.779196E-04 O.779196E-04 O.779196E-04 
A2O -0.382183E-OS -0.382183E-05 -0.382183E-05 -0.382183E-05 

Optical Diffraction 2.1.1 2.1.1 2.1.1 2.1.1 
path order 
difference 1 395 nm. 395 nm. 395 nm. 395 nm. 
function C2 -7.9481E-O3 -7.9481E-O3 -7.9481E-O3 -7.9481E-O3 

C4 3.1618E-O3 3.1618E-O3 3.1618E-O3 3.1618E-O3 
C6 2.6104E-04 2.6104E-04 2.6104E-04 2.6104E-04 
C8 -1.5449E-04 -1.5449E-04 -1.5449E-04 -1.5449E-04 
C10 1.3O11E-04 1.3O11-04 1.3O11E-04 1.3O11E-04 
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TABLE 4-4-continued 

Surface no. 

2-8 2-9 
Area 

1.3466 s h is 13751 13751 sh 

A18 O.7791.96E-04 O4515O1E-04 
A2O -0.382183E-05 -O.472873E-OS 

Optical path Diffraction 2.1.1 53.2 
difference order 
function *1 395 nm. 405 nm. 

C2 -7.9481E-03 -1.OO12E-03 
C4 3.1618E-O3 -1.0849E-04 
C6 2.6104E-04 1.2384E-OS 
C8 -1.5449E-04 -59681E-06 
C10 13011E-04 -8.94.63E-06 

Optical path Diffraction 
difference order 
function *1 

C2 
C4 
C6 
C8 
C10 

* 1: Design wavelength 

Further, as for the temperature characteristics of the objec 
tive optical element in the Example 4, ÖSAT1 is +0.0033 
WFEurms/ C., and SSAT2 is +0.0019 WFEurms/ C. Fur 

56 

OOOOOE--OO 
OOOOOE--OO 

WFEurms/ C., and SSAT3/f is +0.0002 WFEurms/( 
C. mm). The lens data of the collimator lens will be shown in 
Table 5. 

TABLE 5 

Lens Data 

Plastic Normal Collimator 
Focal length of the collimating lens f = 17.5 mm, f = 18.1 mm, f = 18.2 mm 

The i-th 
Surface ri di (405 nm) ni405 nm) dió58 nm) nió58 nm) di 785 nm) niC785 nm) 

O ce ce ce ce 

1(Stop ce O.O O.O O.O 
diameter) (p4.2 mm) (p4.2 mm) (p4.2 mm) 
2 10.9657 1.900 1.545 1.900 1527 1.900 1524 
3 - 68.6939 S.OOO S.OOO S.OOO 
4 ce 8.OOO 1.S30 8.OOO 1514 8.OOO 1.511 
5 ce 6.145 6.661 6.764 
6 ce 

Surface no. 

2 3 

Aspheric Surface K -6.3761E-O1 -38132E--O1 
coefficient 

ther, because f of the objective optical element for the first Example 5 
wavelength is 2.2 mm, ÖSAT1/f is +0.0015 WFEarms/( 
C.-mm), and ÖSAT2/f is +0.0009 WFEurms/(C. mm). Fur 
ther, as for the wavelength characteristics of the objective 
optical element of the Example 4, ÖSA) is -0.03 arms/nm, 
and ÖSAWf is -0.0136 arms/(nm:mm). Hereupon, the using 
wavelength is 405 nm, and the ambient temperature for the 
wavelength characteristics is 25°C. 

Furthermore, in case that there is provided collimator lens 
CL which is a single lens formed of the same material (poly 
olefin plastic) as the objective optical element, and the colli 
mator lens is used for Example 4 with being combined with 
the objective optical element in Example 4, 6SAT3 is +0.0004 
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In Example 5, the objective optical element is a single 
plastic lens formed of polyolefin. The objective optical ele 
ment comprises an optical Surface comprising central area 
CN, the peripheral area MD, and the most peripheral area OT. 
The first optical path difference providing structure is formed 
on the entire surface of central area CN on the optical surface. 
The second optical path difference providing structure is 
formed on the entire surface of the peripheral area MD on the 
optical surface. The third optical path difference providing 
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structure is formed on the most peripheral area OT on the 
entire surface of the optical surface. The sectional shape is the 
shape likely to FIG. 8. 

Further, in Example 5, the first optical path difference 
providing structure is the structure formed by overlapping the 
third basic structure with the first basic structure and the 
second basic structure, and having a shape in which two kinds 
of the serrated diffractive structures and the binary structure 
are overlapped. 

In Example 5, the second optical path difference providing 
structure is the structure formed by overlapping the first basic 
structure and the fourth basic structure, and having a shape in 
which two kinds of serrated diffractive structures are over 
lapped. 

10 
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In Example 5, the third optical path difference providing 

structure is the structure formed by only the fourth basic 
structure, and having a shape including one kind of the Ser 
rated diffractive structure. 
The lens data of Example 5 will be shown in Tables 6-1 to 

6-4. Further, FIG. 11 shows vertical spherical aberration dia 
grams of Example. The numeral 1.0 of the vertical axis of the 
vertical spherical aberration diagrams expresses NA 0.85, or 
a diameter of 3.74 mm in BD, expresses a value slightly larger 
than NA 0.60, or a value slightly larger thana diameter of 2.71 
mm in DVD, and expresses a value slightly larger than NA 
0.45, or a value slightly larger than a diameter of 2.24 mm in 
CD. Hereupon, L is 0.38 mm in Example 5. Accordingly, it 
provides L/f-0.38/2.45=0.155. 

TABLE 6-1 

Lens Data 

Single diffraction lens 
Focal length of the objective lens f = 2.20 mm f = 2.29 mm f = 2.45 mm 
Numerical aperture NA1: O.85 NA2: O.60 NA3: O.45 
Magnification m1:0 m2: O m3: O 

The i-th 
Surface ri di (405 nm) ni405 nm) dió58 nm) nió58 nm) di 785 nm) niC785 nm) 

O ce ce ce ce 

1(Stop ce O.O O.O O.O 
diameter) (p3.74 mm) (p2.71 mm) (p2.24 mm) 
2 1.5827 2.530 1S60 2.530 1541 2.530 1537 
2-1 1.5799 
2-2 1.5769 
2-3 15741 
2-4 1.5816 
2-5 1.5816 
2-6 1.5827 
2-7 15824 
2-8 1.S123 
2-9 1.5.126 
2-10 1.5.126 
3 -3.3232 O.74 O.S1 O.34 
4 ce O.O875 1620 O600 1577 1200 1571 
5 ce 

TABLE 6-2 

Surface no. 

2 2-1 2-2 2-3 
Area 

his O.357 0.357 s h is 0.563 0.563 s h is 0.779 0.779 s h is 1229 

Aspheric K -5.1901E-O1 -5.192OE-01 -5.161OE-01 -5.1369E-01 
Surface AO OOOOOE-00 7.2386E-03 14474E-O2 2.1741E-O2 
coefficient A4 16812E-O2 16812E-O2 16812E-O2 16812E-O2 

A6 7.2184E-04 7.2184E-04 7.2184E-04 7.2184E-04 
A8 3.6921E-03 3.6921E-03 3.6921E-03 3.6921E-03 
A10 -23832E-03 -23832E-03 -23832E-03 -23832E-03 
A12 7.3118E-04 7.3118E-04 7.3118E-04 7.3118E-04 
A14 4.346OE-04 4.346OE-04 4.346OE-04 4.346OE-04 
A16 -3.3859E-04 -3.3859E-04 -3.3859E-04 -3.3859E-04 
A18 7.7905E-05 7.7905E-05 7.7905E-05 7.7905E-05 
A2O -3.8236E-06 -3.8236E-06 -3.8236E-06 -3.8236E-06 

Optical path Diffraction 2f1. 2f1. 2f1. 2f1. 
difference order 
function *1 395 nm. 395 nm. 395 nm. 395 nm. 

C2 -9.6690E-03 -9.6690E-03 -9.6690E-03 -9.669OE-03 
C4 2.8071E-03 2.8071E-03 2.8071E-03 2.8071E-03 
C6 4.5147E-04 4.5147E-04 4.5147E-04 4.5147E-04 
C8 -1.8776E-04 -1.8776E-04 -1.8776E-04 -1.8776E-04 
C10 11487E-04 11487E-04 11487E-04 11487E-04 
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TABLE 6-4-continued 

Surface no. 

2-8 2-9 
Area 

1360s his 1693 1693 s h is 1.795 

A18 4.56O2E-OS 4.56O2E-OS 
A2O -48919E-06 -48919E-06 

Optical path Diffraction 5.3.2 2.1.1 
difference order 
function *1 405 nm. 405 nm. 

C2 -2.94.93E-O3 -7.3734E-03 
C4 2.1334E-04 5.3335E-04 
C6 -3.0344E-OS -7.5859E-OS 
C8 -2.1699E-05 -54247E-OS 
C10 -4.3323E-O6 -1.0831E-OS 

Optical path Diffraction 
difference order 
function *1 

C2 
C4 
C6 
C8 
C10 

* 1: Design wavelength 

Further, as for the temperature characteristics of the objec 
tive optical element of Example 5, ÖSAT1 is +0.0308 WFE 
rms/ C., and SSAT2 is +0.00176 WFEArms/ C. Further, 
because f of the objective optical element for the first wave 
length is 2.20 mm, 8SAT1/fis +0.0014 WFEarms/(C. mm), 
and SSAT2/fis +0.0008 WFEWrms/(C. mm). Further, as for 
the wavelength characteristics of the objective optical ele 
ment of Example 5, ÖSAW is -0.02618 arms/nm, and ÖSAWf 
is -0.01.19 arms/(nm:mm). Hereupon, the using wavelength 
is 405 nm, and the ambient temperature for the wavelength 
characteristics is 25°C. 

Furthermore, in case that there is provided collimator lens 
CL which is a single lens same as the collimator lens used in 
Example 4, and the collimator lens is used for Example 5 with 
being combined with the objective optical element in 
Example 5, ÖSAT3 is +0.000198 WFEurms/ C., and 
8SAT3/f is +0.00009 WFEurms/( C.-mm). 

Next, an example of the manufacturing method of the 
optical pickup apparatus by using the objective optical ele 
ment of Example 4 or 5, and the similar objective optical 
element to them, will be described. Herein, it is considered 
that the objective optical element is optimized to the blue 
violet semiconductor laser LD1 in which the deviation of the 
oscillation wavelength is larger. Initially, it is defined that the 
reference wavelength of the blue-violet semiconductor laser 
LD1 is 405 nm. The objective optical element in the first 
group is formed as follows. The objective optical element is 
designed, for the reference wavelength, so as to include an 
optical path difference providing structure by which the 
spherical aberration becomes optimum when the design 
wavelength is 402 nm. The first metallic mold corresponding 
to the objective optical element is produced, and the objective 
optical element molded by the first metallic mold is labeled as 
the first group. 

The objective optical element in the second group is 
formed as follows. The objective optical element is designed 
So as to include an optical path difference providing structure 
by which the spherical aberration becomes optimum when 
the design wavelength is 403 nm. The second metallic mold 
corresponding to the objective optical element is produced, 
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-3.0344E-OS 
-2.1699E-05 
-4.3323E-O6 

and the objective optical element molded by the second 
metallic mold is labeled as the second group. 
The objective optical element in the third group is formed 

as follows. The objective optical element is designed so as to 
include an optical path difference providing structure by 
which the spherical aberration becomes optimum when the 
design wavelength is 404 nm. The third metallic mold corre 
sponding to the objective optical element is produced, and the 
objective optical element molded by the third metallic mold is 
labeled as the third group. 
The objective optical element in the fourth group is formed 

as follows. The objective optical element is designed so as to 
include an optical path difference providing structure by 
which the spherical aberration becomes optimum when the 
design wavelength is 405 nm. The fourth metallic mold cor 
responding to the objective optical element is produced, and 
the objective optical element molded by the fourth metallic 
mold is labeled as the fourth group. 
The objective optical element in the fifth group is formed as 

follows. The objective optical element is designed so as to 
include an optical path difference providing structure by 
which the spherical aberration becomes optimum when the 
design wavelength is 406 mm. The fifth metallic mold corre 
sponding to the objective optical element is produced, and the 
objective optical element molded by the fifth metallic mold is 
labeled as the fifth group. 
The objective optical element in the sixth group is formed 

as follows. The objective optical element is designed so as to 
include an optical path difference providing structure by 
which the spherical aberration becomes optimum when the 
design wavelength is 407 nm. The sixth metallic mold corre 
sponding to the objective optical element is produced, and the 
objective optical element molded by the sixth metallic mold is 
labeled as the sixth group. 
The objective optical element in the seventh group is 

formed as follows. The objective optical element is designed 
So as to include an optical path difference providing structure 
by which the spherical aberration becomes optimum when 
the design wavelength is 408 nm. The seventh metallic mold 
corresponding to the objective optical element is produced, 
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and the objective optical element molded by the seventh 
metallic mold is labeled as the seventh group. 

In this embodiment, the specification of the optical path 
difference providing structure is divided into seven groups. 
However it is to be understood that various changes and 
modifications will be apparent to those skilled in the art. For 
example, the numbers of groups may be 3 or 5. 

FIG. 15 is a perspective view of the molded objective lens 
OBJ. As shown in FIG. 15, a convex or concave identification 
mark Misformed on the circular flange Farranged around the 
optical surface OP in the objective optical element OBJ. The 
mark can be simultaneously transferred and formed on the 
objective optical element OBJ at the time of the molding of 
the objective optical element OBJ by previously forming 
concave portion or convex portion corresponding to the mark 
on the flange transfer surface of the metallic mold (not 
shown). In the present embodiment, when one identification 
mark M is formed, it shows that the objective lens belongs to 
the first group. When two identification marks Mare formed, 
it shows that the objective lens belongs to the second group. 
When three identification marks Mare formed, it shows that 
the objective lens belongs to the third group. The Succeeding 
groups are identified by the same manner. Hereupon, a 
method of labeling the groups is not limited to the above 
method. For example, the different identification mark may 
also be attached on that tray of an objective optical lens, 
cartridge or box for packaging that. 

FIG. 16 is a flowchart showing the manufacturing method 
of the optical pickup apparatus according to the present 
embodiment. In step S101 of FIG. 16, the oscillation wave 
length 1 of the arbitrary blue-violet semiconductor laser 
diode is measured. Next, in step S102, if the measured oscil 
lation wavelength 1 is 401.5 nm or more, and less than 402.5 
nm, n is set to 1; if the measured oscillation wavelength W1 is 
402.5 nm or more, and less than 403.5 nm, n is set to 2; if the 
measured oscillation wavelength 1 is 403.5 nm or more, and 
less than 404.5 nm, n is set to 3; when the measured oscilla 
tion wavelength v1 is 404.5 nm or more, and less than 405.5 
nm, n is set to 4; if the measured oscillation wavelength W1 is 
405.5 nm or more, and less than 406.5 nm, n is set to 5; when 
the measured oscillation wavelength v1 is 406.5 nm or more, 
and less than 407.5 nm, n is set to 6; and if the measured 
oscillation wavelength v1 is 407.5 nm or more, and less than 
408.5 nm, n is set to 7. Hereupon, when the oscillation wave 
length 1 of the blue-violet semiconductor laser is less than 
401.5 nm, or is 408.5 nm or more, it may be replaced with 
another one as the product which is out of the tolerance. 

In succeeding step S103, the objective optical element in 
the n-th group is selected. Further, in step S104, when the 
measured blue-violet semiconductor laser diode and parts 
including the selected objective optical element are 
assembled, the optical pickup apparatus is completed. 
The present invention is not limited to the examples 

described in the specification, it is apparent to those skilled in 
the art, from the examples and spirit described in the present 
specification that the invention includes other examples and 
modified examples. The description and examples in the 
specification is persistently purposed for the exemplification, 
and the scope of the present invention is shown by the fol 
lowing claims. 
What is claimed is: 
1. An optical pickup apparatus for recording and/or repro 

ducing information for an optical disk, the optical pickup 
apparatus comprising: 

a first light source for emitting a first light flux having a first 
wavelength W1; 
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a second light Source for emitting a second light flux having 

a second wavelength 2 (0.2 > 1); 
a third light source for emitting a third light flux having a 

third wavelength 3 (0.3 >22); and 
an objective optical element 

for converging the first light flux onto an information 
recording Surface of a first optical disk having a pro 
tective substrate with a thickness t1, 

for converging the second light flux onto an information 
recording Surface of a second optical disk having a 
protective substrate with a thickness t2 (t1st2), and 

for converging the third light flux onto an information 
recording Surface of a third optical disk having a 
protective substrate with a thickness t3 (t2 <t3), 

wherein the optical pickup apparatus records and/or repro 
duces information by converging the first light flux onto 
the information recording surface of the first optical 
disk, by converging the second light flux onto the infor 
mation recording Surface of the second optical disk, and 
by converging the third light flux onto the information 
recording Surface of the third optical disk, 

wherein the objective optical element comprises an optical 
Surface comprising at least two areas which are a central 
area and a peripheral area Surrounding the central area, 

the central area comprises a first optical path difference 
providing structure, 

the peripheral area comprises a second optical path differ 
ence providing structure, 

wherein the objective optical element converges the first 
light flux which passes through the central area of the 
objective optical element onto the information recording 
surface of the first optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording surface of the first optical 
disk, 

the objective optical element converges the second light 
flux which passes through the central area of the objec 
tive optical element onto the information recording Sur 
face of the second optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording Surface of the second optical 
disk, 

the objective optical element converges the third light flux 
which passes through the central area of the objective 
optical element onto the information recording Surface 
of the third optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the third optical disk, 

the objective optical element converges the first light flux 
which passes through the peripheral area of the objective 
optical element onto the information recording Surface 
of the first optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the first optical disk, 
and 

the objective optical element converges the second light 
flux which passes through the peripheral area of the 
objective optical element onto the information recording 
Surface of the second optical disk so that the optical 
pickup apparatus can record and/or reproduce informa 
tion on the information recording Surface of the second 
optical disk, and 

wherein the optical pickup apparatus satisfies following 
expressions: 
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+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 
(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))<öSA/fa-0.0045 
(WFEurmsf(nm:mm)), 

where ÖSAT1 represents ÖSA3/öT of the objective optical 
element for a using light wavelength which does not 
change with a temperature change, in case that informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAT1 is a ratio of a change in a 
third spherical aberration of the objective optical ele 
ment with a temperature change for a using light wave 
length which does not change with a temperature 
change, in case that information is recorded and/or 
reproduced for the first optical disk, and 

ÖSA represents ÖSA3/6) of the objective optical element 
for a using light wavelength, in case that information is 
recorded and/or reproduced for the first optical disk, in 
other words, ÖSA is a ratio of a change in a third 
spherical aberration of the objective optical element 
with a wavelength change for an using light wavelength, 
in case that information is recorded and/or reproduced 
for the first optical disk, and 

f is a focal length of the objective optical element for the 
first light flux. 

2. The optical pickup apparatus of claim 1, satisfying a 
following expression: 

O(WFEurms/( C.-mm))söSAT2/fs +0.00136(WFE 
rms (C. mm)), 

where ÖSAT2 represents ÖSA3/öT of the objective optical 
element for a using light wavelength which changes by 
0.05 nm/°C. with a temperature change, in case that 
information is recorded and/or reproduced for the first 
optical disk, in other words, ÖSAT2 is a ratio of a change 
in a third spherical aberration of the objective optical 
element with a temperature change for a using light 
wavelength which changes by 0.05 mm/°C. with the 
temperature change, in case that information is recorded 
and/or reproduced for the first optical disk. 

3. The optical pickup apparatus of claim 1, further com 
prising a coupling lens which is a plastic lens, and 

satisfying a following expression: 
O(WFEurms/( C.-mm))söSAT3/fs +0.00091 (WFE 

rms (C. mm)), 

where 6SAT3 represents ÖSA3/öT of a total optical system 
including the coupling lens and the objective optical 
element for a using light wavelength which changes by 
0.05 mm/°C. with a temperature change in case that 
information is recorded and/or reproduced for the first 
optical disk, in other words, ÖSAT3 is a ratio of a change 
in a third spherical aberration of a total optical system 
including the coupling lens and the objective optical 
element with a temperature change for a using light 
wavelength which changes by 0.05 mm/°C. with the 
temperature change, in case that information is recorded 
and/or reproduced for the first optical disk. 

4. The optical pickup apparatus of claim 1, 
wherein the first optical path difference providing structure 

comprises any one structure selected from a group 
including a third basic structure, a fourth basic structure 
and a seventh basic structure, and 

the third basic structure is an optical path difference pro 
viding structure 
which emits a tenth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
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with the other diffraction order, when the first light 
flux passes through the third basic structure, 

which emits a sixth-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the third basic structure, and 

which emits a fifth order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the third basic structure, 

the fourth basic structure is an optical path difference pro 
viding structure 
which emits a fifth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the fourth basic structure, 

which emits a third-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the fourth basic structure, and 

which emits a second order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the fourth basic structure, and 

the seventh basic structure is an optical path difference 
providing structure 
which emits a second-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the seventh basic structure, 

which emits a first-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the seventh basic structure, and 

which emits a first order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the seventh basic structure. 

5. The optical pickup apparatus of claim 4. 
wherein the second optical path difference providing struc 

ture includes any one structure selected from a group 
including the third basic structure, the fourth basic struc 
ture and the seventh basic structure. 

6. The optical pickup apparatus of claim 1, 
wherein the optical surface of the objective optical element 

is further comprises a most peripheral area Surrounding 
the peripheral area and being a refractive Surface. 

7. The optical pickup apparatus of claim 1, 
wherein the optical surface of the objective optical element 

further comprises a most peripheral area Surrounding the 
peripheral area and comprising a third optical path dif 
ference providing structure. 

8. The optical pickup apparatus of claim 7. 
wherein the third optical path difference providing struc 

ture comprises at least one of a third basic structure, a 
fourth basic structure and a seventh basic structure, and 

the third basic structure is an optical path difference pro 
viding structure 
which emits a tenth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the third basic structure, 

which emits a sixth-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the third basic structure, and 
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which emits a fifth-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the third basic structure, and 

the fourth basic structure is an optical path difference pro 
viding structure 
which emits a fifth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the fourth basic structure, 

which emits a third-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the fourth basic structure, and 

which emits third and second order diffracted light 
fluxes each with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, 
when the third light flux passes through the fourth 
basic structure, and 

the seventh basic structure is an optical path difference 
providing structure 
which emits a second-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the seventh basic structure, 

which emits a first-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the seventh basic structure, and 

which emits a first-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the seventh basic structure. 

9. The optical pickup apparatus of claim 7. 
wherein the objective optical element converges the first 

light flux which passes through the most peripheral area 
of the objective optical element onto the information 
recording surface of the first optical disk so that the 
optical pickup apparatus can record and/or reproduce 
information on the information recording Surface of the 
first optical disk. 

10. The optical pickup apparatus of claim 1, 
wherein an image side numerical aperture (NA) of the 

objective optical element for the first light flux is 0.8 or 
more and is 0.9 or less. 

11. The optical pickup apparatus of claim 1, 
wherein the objective optical element is a single lens. 
12. The optical pickup apparatus of claim 11, 
wherein the objective optical element is a plastic lens. 
13. An optical pickup apparatus for recording and/or repro 

ducing information for an optical disk, the optical pickup 
apparatus comprising: 

a first light source for emitting a first light flux having a first 
wavelength v1 (350 nm sw1 s440 nm); and 

an objective optical element 
for converging the first light flux onto an information 

recording Surface of a first optical disk having a pro 
tective substrate with a thickness t1 (0.0750 mm st1 
s0.125 mm), 

wherein the optical pickup apparatus records and/or repro 
duces information by converging the first light flux onto 
the information recording surface of the first optical 
disk, and 

wherein the optical pickup apparatus satisfies following 
expressions: 
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+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 

(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm’mm)), 

where 8SAT1 represents ÖSA3/8T of the objective optical 
element for a using light wavelength which does not 
change with a temperature change, in case that informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAT1 is a ratio of a change in a 
third spherical aberration of the objective optical ele 
ment with a temperature change for a using light wave 
length which does not change with a temperature 
change, in case that information is recorded and/or 
reproduced for the first optical disk, and 

ÖSA represents ÖSA3/6) of the objective optical element 
for a using light wavelength, in case that information is 
recorded and/or reproduced for the first optical disk, in 
other words, ÖSA is a ratio of a change in a third 
spherical aberration of the objective optical element 
with a wavelength change for an using light wavelength, 
in case that information is recorded and/or reproduced 
for the first optical disk, and 

f is a focal length of the objective optical element for the 
first light flux. 

14. An objective optical element for use in an optical 
pickup apparatus, the optical pickup apparatus comprising 

a first light source for emitting a first light flux having a first 
wavelength W1; 

a second light Source for emitting a second light flux having 
a second wavelength 2 (0.2 > 1); and 

a third light source for emitting a third light flux having a 
third wavelength 3 (0.3 > 2), and 

conducting recording and/or reproducing information 
using the first light flux for a first optical disk having a 
protective substrate with a thickness t1, 

conducting recording and/or reproducing information 
using the second light flux for a second optical disk 
having a protective substrate with a thickness t2 (t1 
st2), and 

conducting recording and/or reproducing information 
using the third light flux for a third optical disk having a 
protective substrate with a thickness t3 (t2 <t3), 

the objective optical element comprising: 
an optical Surface comprising at least two areas which 

are a central area and a peripheral area arranged 
around the central area, 

wherein the central area comprises a first optical path dif 
ference providing structure, 

the peripheral area comprises a second optical path differ 
ence providing structure, 

wherein the objective optical element converges the first 
light flux which passes through the central area of the 
objective optical element onto the information recording 
surface of the first optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording surface of the first optical 
disk, 

the objective optical element converges the second light 
flux which passes through the central area of the objec 
tive optical element onto the information recording Sur 
face of the second optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording Surface of the second optical 
disk, 

the objective optical element converges the third light flux 
which passes through the central area of the objective 
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optical element onto the information recording Surface 
of the third optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the third optical disk, 

the objective optical element converges the first light flux 
which passes through the peripheral area of the objective 
optical element onto the information recording Surface 
of the first optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the first optical disk, 
and 

the objective optical element converges the second light 
flux which passes through the peripheral area of the 
objective optical element onto the information recording 
Surface of the second optical disk so that the optical 
pickup apparatus can record and/or reproduce informa 
tion on the information recording Surface of the second 
optical disk, and 

wherein the objective optical element satisfies following 
expressions: 
+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 

(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm:mm)), 

where ÖSAT1 represents ÖSA3/öT of the objective optical 
element for a using light wavelength which does not 
change with a temperature change, in case that informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAT1 is a ratio of a change in a 
third spherical aberration of the objective optical ele 
ment with a temperature change for a using light wave 
length which does not change with a temperature 
change, in case that information is recorded and/or 
reproduced for the first optical disk, and 

ÖSA represents ÖSA3/6) of the objective optical element 
for a using light wavelength, in case that information is 
recorded and/or reproduced for the first optical disk, in 
other words, ÖSA is a ratio of a change in a third 
spherical aberration of the objective optical element 
with a wavelength change for an using light wavelength, 
in case that information is recorded and/or reproduced 
for the first optical disk, and 

f is a focal length of the objective optical element for the 
first light flux. 

15. The objective optical element of claim 14, satisfying a 
following expression: 

O(WFEurms/( C.-mm))söSAT2/fs +0.00136(WFE 
rms (C. mm)), 

where ÖSAT2 represents ÖSA3/öT of the objective optical 
element for a using light wavelength which changes by 
0.05 nm/°C. with a temperature change, in case that 
information is recorded and/or reproduced for the first 
optical disk, in other words, ÖSAT2 is a ratio of a change 
in a third spherical aberration of the objective optical 
element with a temperature change for a using light 
wavelength which changes by 0.05 mm/°C. with a tem 
perature change, in case that information is recorded 
and/or reproduced for the first optical disk. 

16. The objective optical element of claim 14, 
wherein the optical pickup apparatus further comprises a 

coupling lens which is a plastic lens, and 
the objective optical element satisfies a following expres 

S1O. 

O(WFEurms/( C.-mm))söSAT3/fs +0.00091 (WFE 
rms (C. mm)), 
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where ÖSAT3 represents ÖSA3/öTofa total optical system 

including the coupling lens and the objective optical 
element for a using light wavelength which changes by 
0.05 mm/°C. with a temperature change which changes 
by 0.05 mm/°C. with a temperature change, in case that 
information is recorded and/or reproduced for the first 
optical disk, in other words, ÖSAT3 is a ratio of a change 
in a third spherical aberration of a total optical system 
including the coupling lens and the objective optical 
element with a temperature change for a using light 
wavelength which changes by 0.05 mm/°C. with the 
temperature change, in case that information is recorded 
and/or reproduced for the first optical disk. 

17. The objective optical element of claim 14, 
wherein the first optical path difference providing structure 

comprises any one structure selected from a group 
including a third basic structure, a fourth basic structure 
and a seventh basic structure, and 

the third basic structure is an optical path difference pro 
viding structure 
which emits a tenth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the third basic structure, 

which emits a sixth-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the third basic structure, and 

which emits a fifth order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the third basic structure, 

the fourth basic structure is an optical path difference pro 
viding structure 
which emits a fifth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the fourth basic structure, 

which emits a third-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the fourth basic structure, and 

which emits a second order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the fourth basic structure, and 

the seventh basic structure is an optical path difference 
providing structure 
which emits a second-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the seventh basic structure, 

which emits a first-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the seventh basic structure, and 

which emits a first order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the seventh basic structure. 

18. The objective optical element of claim 17, 
wherein the second optical path difference providing struc 

ture includes any one structure selected from a group 
including the third basic structure, the fourth basic struc 
ture and the seventh basic structure. 
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19. The objective optical element of claim 14, 
wherein the optical surface of the objective optical element 

is further comprises a most peripheral area Surrounding 
the peripheral area and being a refractive Surface. 

20. The objective optical element of claim 14, 
wherein the optical surface of the objective optical element 

further comprises a most peripheral area surrounding the 
peripheral area and comprising a third optical path dif 
ference providing structure. 

21. The objective optical element of claim 20, 
wherein the third optical path difference providing struc 

ture comprises at least one of a third basic structure, a 
fourth basic structure and a seventh basic structure, and 

the third basic structure is an optical path difference pro 
viding structure 
which emits a tenth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the third basic structure, 

which emits a sixth-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the third basic structure, and 

which emits a fifth order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the third basic structure, and 

the fourth basic structure is an optical path difference pro 
viding structure 
which emits a fifth-order diffracted light flux with a 

larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the fourth basic structure, 

which emits a third-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the fourth basic structure, and 

which emits third and second order diffracted light 
fluxes each with a larger light amount than any dif 
fracted light fluxes with the other diffraction order, 
when the third light flux passes through the fourth 
basic structure, and the seventh basic structure is an 
optical path difference providing structure 

which emits a second-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the first light 
flux passes through the seventh basic structure, 

which emits a first-order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the second light 
flux passes through the seventh basic structure, and 

which emits a first order diffracted light flux with a 
larger light amount than any diffracted light fluxes 
with the other diffraction order, when the third light 
flux passes through the seventh basic structure. 

22. The objective optical element of claim 20, 
wherein the objective optical element converges the first 

light flux which passes through the most peripheral area 
of the objective optical element onto the information 
recording surface of the first optical disk so that the 
optical pickup apparatus can record and/or reproduce 
information on the information recording Surface of the 
first optical disk. 

23. The objective optical element of claim 14, 
wherein an image side numerical aperture (NA) of the 

objective optical element for the first light flux is 0.8 or 
more and is 0.9 or less. 
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24. The objective optical element of claim 14, wherein the 

objective optical element is a single lens. 
25. The objective optical element of claim 20, wherein the 

objective optical element is a plastic lens. 
26. An objective optical element for use in an optical 

pickup apparatus, the optical pickup apparatus comprising 
a first light source for emitting a first light flux having a first 

wavelength v1 (350 nm sw1 440 nm); and 
conducting recording and/or reproducing information 

using the first light flux for a first optical disk having a 
protective substrate with a thickness t1, 

wherein the objective optical element converges the first 
light flux onto the information recording surface of the 
first optical disk having a protective substrate with a 
thickness t1 (0.0750 mm st1 s0.125 mm), and 

wherein the optical pickup apparatus satisfies following 
expressions: 
+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 

(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm’mm)), 

where 8SAT1 represents ÖSA3/8T of the objective optical 
element for a using light wavelength which does not 
change with a temperature change, in case that informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAT1 is a ratio of a change in a 
third spherical aberration of the objective optical ele 
ment with a temperature change for a using light wave 
length which does not change with a temperature 
change, in case that information is recorded and/or 
reproduced for the first optical disk, and 

ÖSA represents ÖSA3/6) of the objective optical element 
for a using light wavelength, in case that when informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAW is a ratio of a change in a third 
spherical aberration of the objective optical element 
with a wavelength change for an using light wavelength, 
in case that information is recorded and/or reproduced 
for the first optical disk, and 

f is a focal length of the objective optical element for the 
first light flux. 

27. An optical information recording and/or reproducing 
apparatus, comprising: 

an optical pickup apparatus comprising: 
a first light source for emitting a first light flux having a 

first wavelength 1: 
a second light source for emitting a second light flux 

having a second wavelength W2 (W2 > 1); 
a third light source for emitting a third light flux having 

a third wavelength 3 (0.3 > 2); and 
an objective optical element 
for converging the first light flux onto an information 

recording Surface of a first optical disk having a pro 
tective substrate with a thickness t1, 

for converging the second light flux onto an information 
recording Surface of a second optical disk having a 
protective substrate with a thickness t2 (t1st2), and 

for converging the third light flux onto an information 
recording Surface of a third optical disk having a 
protective substrate with a thickness t3 (t2 <t3), 

wherein the optical pickup apparatus records and/or 
reproduces information by converging the first light 
flux onto the information recording surface of the first 
optical disk, by converging the second light flux onto 
the information recording Surface of the second opti 
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cal disk, and by converging the third light flux onto the 
information recording surface of the third optical 
disk, 

wherein the objective optical element comprises an optical 
Surface comprising at least two areas which are a central 
area and a peripheral area Surrounding the central area, 

the central area comprises a first optical path difference 
providing structure, 

the peripheral area comprises a second optical path differ 
ence providing structure, 

wherein the objective optical element converges the first 
light flux which passes through the central area of the 
objective optical element onto the information recording 
surface of the first optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording surface of the first optical 
disk, 

the objective optical element converges the second light 
flux which passes through the central area of the objec 
tive optical element onto the information recording Sur 
face of the second optical disk so that the optical pickup 
apparatus can record and/or reproduce information on 
the information recording Surface of the second optical 
disk, 

the objective optical element converges the third light flux 
which passes through the central area of the objective 
optical element onto the information recording Surface 
of the third optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the third optical disk, 

the objective optical element converges the first light flux 
which passes through the peripheral area of the objective 
optical element onto the information recording Surface 
of the first optical disk so that the optical pickup appa 
ratus can record and/or reproduce information on the 
information recording Surface of the first optical disk, 
and 
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the objective optical element converges the second light 

flux which passes through the peripheral area of the 
objective optical element onto the information recording 
Surface of the second optical disk so that the optical 
pickup apparatus can record and/or reproduce informa 
tion on the information recording Surface of the second 
optical disk, and 

wherein the optical pickup apparatus satisfies following 
expressions: 
+0.00045 (WFEurms/( C.-mm))söSAT1/fs +0.0027 

(WFEurmsf(C. mm)), and 

–0.045 (WFEirms (nm-mm))söSA/fa-0.0045 
(WFEurmsf(nm’mm)), 

where 8SAT1 represents ÖSA3/8T of the objective optical 
element for a using light wavelength which does not 
change with a temperature change, in case that informa 
tion is recorded and/or reproduced for the first optical 
disk, in other words, ÖSAT1 is a ratio of a change in a 
third spherical aberration of the objective optical ele 
ment with a temperature change for a using light wave 
length which does not change with a temperature 
change, in case that information is recorded and/or 
reproduced for the first optical disk, and 

ÖSA represents ÖSA3/6) of the objective optical element 
for a using light wavelength, in case that information is 
recorded and/or reproduced for the first optical disk, in 
other words, ÖSA is a ratio of a change in a third 
spherical aberration of the objective optical element 
with a wavelength change for an using light wavelength, 
in case that information is recorded and/or reproduced 
for the first optical disk, and 

f is a focal length of the objective optical element for the 
first light flux. 


